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SECTION 1 


INTRODUCTION 


T his work plan, prepared by Parsons Engineering Science, Inc. (Parsons ES), presents 
the scope of work required for the collection of data necessary to conduct a treatability 
study (TS) for remediation of groundwater contaminated with petroleum hydrocarbons at 
the Base Exchange (BX) Shoppette underground storage tank site (Site Ell) located at 
Eaker Air Force Base (AFB) (the Base), near the city of Blytheville, Arkansas. Several 
groundwater remedial options will be evaluated as a part of the TS report, including: 
active bioremediation (i.e., air sparging and bioventing); groundwater extraction, 
treatment, and disposal (i.e., pump and treat); and natural contaminant attenuation 
(intrinsic remediation) with long-term monitoring. Hydrogeologic and groundwater 
chemical data necessary to evaluate the various remedial options will be collected under 
this program; however, this work plan is oriented toward the collection of hydrogeologic 
data to be used as input into groundwater flow and solute transport models in support of 
intrinsic remediation for restoration of groundwater contaminated with benzene, toluene, 
ethylbenzene, and xylene (BTEX). 

As used in this report, the term “intrinsic remediation” refers to a management strategy 
that relies on natural attenuation mechanisms to remediate contaminants dissolved in 
groundwater and to control receptor exposure risks associated with contaminants in the 
subsurface. “Natural attenuation” refers to the actual physical, chemical, and biological 
processes that facilitate intrinsic remediation. Mechanisms for natural attenuation of 
BTEX include biodegradation, advection, dispersion, dilution from recharge, sorption, 
and volatilization. Of these processes, biodegradation is the only mechanism working to 
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transform contaminants into innocuous byproducts. Intrinsic bioremediation occurs when 
indigenous microorganisms work to bring about a reduction in the total mass of 
contamination in the subsurface without the addition of nutrients. Patterns and rates of 
intrinsic remediation can vary markedly from site to site depending on governing 
physical and chemical processes. 

As part of the TS, the contaminant fate and transport modeling effort has three primary 
objectives: 1) predict the future extent and concentration of dissolved contaminant 
plumes by modeling the effects of advection, dispersion, sorption, and biodegradation; 2) 
assess the possible exposure of potential downgradient receptors to contaminant 
concentrations that exceed levels intended to be protective of human health and the 
environment; and 3) provide technical support for selection of the intrinsic remediation 
option as the best remedial alternative at regulatory negotiations, as appropriate. The 
modeling efforts for the BX Shoppette at Eaker AFB will involve completion of several 
tasks, which are described in the following sections. 

This work plan was developed following discussions among representatives from the 
Air Force Center for Environmental Excellence (AFCEE), Air Force Base Conversion 
Agency (AFBCA), and Parsons ES at a meeting held at the Base on November 16, 1995, 
the statement of work (SOW) for this project, and on a review of existing site 
characterization data. All field work will follow the health and safety procedures 
presented in the program Health and Safety Plan for Bioplume II Modeling Initiative 
(Engineering Science, Inc., 1993), and the site-specific addendum to the program Health 
and Safety Plan. This work plan was prepared for AFCEE and AFBCA. 

1.1 SCOPE OF CURRENT WORK PLAN 

The ultimate objective of the work described herein is to provide a TS for remediation 
of hydrocarbon groundwater contamination at the BX Shoppette. However, this project is 
part of a larger, broad-based initiative being conducted by AFCEE in conjunction with 
the US Environmental Protection Agency (USEPA) and Parsons ES to document the 
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biodegradation and resulting attenuation of fuel hydrocarbons and solvents dissolved in 
groundwater, and to model this degradation using numerical and analytical groundwater 
model codes. For this reason, the work described in this work plan is directed toward the 
collection of data in support of this initiative. Data sufficient to develop a 30-percent 
design of an alternate groundwater remediation system, should intrinsic remediation not 
prove to be a viable remedial option at this facility, also will be collected under this 
program. This work plan describes the site characterization activities to be performed by 
personnel from Parsons ES in support of the TS and the groundwater modeling effort. 
Field activities will be performed to determine the extent of mobile and residual light 
nonaqueous-phase liquid (LNAPL) at the site and to determine the extent of dissolved 
contamination. The data collected during the TS will be used along with data from 
previous investigations to complete the characterization of the site. These data will also 
be used in the groundwater flow and solute transport models to make predictions of the 
future concentrations and extent of contamination. 

Site characterization activities in support of the TS will include: 1) determination of 
preferential contaminant migration and potential receptor exposure pathways; 2) soil 
sampling using cone penetrometer (CPT) direct-push technology; 3) groundwater 
monitoring point placement; 4) groundwater sampling; and 5) aquifer testing. The 
materials and methodologies to accomplish these activities are described herein. 
Previously reported site-specific data and data collected during the supplemental site 
characterization activities described in this work plan will be used as input for the 
groundwater flow and solute transport models. Where site-specific data are not available, 
conservative values for the types of aquifer materials present at the site will be obtained 
from widely accepted published literature and used for model input. Sensitivity analyses 
will be conducted for the parameters that are known to have the greatest influence on the 
model results, and where possible, the model will be calibrated using historical site data. 
Upon completion of the modeling. Parsons ES will provide technical assistance at 
regulatory negotiations to support the intrinsic remediation option if the results of the 
modeling indicate that this approach is warranted. If it is shown that intrinsic remediation 
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is not the most appropriate remedial option, Parsons ES will recommend the most 
appropriate groundwater remedial technology on the basis of available data. 

This work plan consists of six sections, including this introduction. Section 2 presents 
a review of available (previously reported) site-specific data, and conceptual models for 
the site. Section 3 describes the proposed sampling strategy and procedures to be used 
for the collection of additional site characterization data. Section 4 describes the remedial 
option evaluation procedure and TS report format. Section 5 describes the quality 
assurance/quality control (QA/QC) measures to be used during this project. Section 6 
contains the references used in preparing this document. There are two appendices to this 
work plan. Appendix A contains a listing of containers, preservatives, packaging, and 
shipping requirements for soil and groundwater samples. Appendix B contains a 
summary of site data, including available well logs, and summaries of historical soil and 
groundwater analytical data from previous field investigations. 

1.2 BACKGROUND 

Eaker AFB is located in the northeastern comer of Arkansas, in Mississippi County, 
approximately 3 miles south of the Missouri state line and 11 miles east of the Tennessee 
state line. The Base occupies an area of approximately 3,300 acres 2 miles northwest of 
Blytheville, Arkansas and adjacent to the community of Gosnell (Figure 1.1). The Base 
is divided roughly in half by the main north/south runway (Figure 1.2). Aviation support, 
approximately 930 Base housing units, a hospital, and commercial facilities are located in 
the western portion of the Base. The eastern half of the Base is dedicated primarily to 
agricultural, recreational, and industrial activities. The predominant existing land use 
surrounding Eaker AFB is agricultural, with some residential parcels (Eaker AFB, 1992). 

The Base was established in 1942 as the Blytheville Army Airfield and served as a 
training center until deactivation in 1945. From 1947 to 1955, the site was used for 
manufacturing, private housing, and as an airport. The Base was reactivated as 
Blytheville AFB in 1955 under the direction of the Tactical Air Command, and then 
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transferred to the Strategic Air Command (SAC) in 1958. The 97th Bombardment 
Wing assumed command of the Base until the disestablishment of SAC in 1992, when 
control was transferred to the Air Combat Command. In 1988, the Base was renamed 
Eaker AFB. Base operations in 1990 employed approximately 3,600 civilian and 
military personnel (Eaker AFB, 1992). In July 1991, the recommendation for base 
closure was approved and closure was scheduled for December, 1992. 

The BX Shoppette site is located in the west-central portion of the base (Figure 1.2) 
and is bounded by open land to the north and west, and by base operations facilities to the 
east and south. Two 10,000-gallon USTs were installed at the site in 1969. The tanks 
(160-A and 160-B) contained regular unleaded gasoline and were steel-constructed, tar- 
coated, and corrosion protected by sacrificial anodes (cathodic protection). Two 
additional USTs (160-C and 160-D) were installed in 1971. Tank 160-C was steel- 
constructed, tar-coated, and cathodically protected. The tank capacity was 6,000 gallons. 
The tank originally contained regular leaded gasoline; however, the tank was converted to 
a premium unleaded gasoline tank in 1990. Tanks 160-A, -B, and -C are located within a 
gasoline tank pit, approximately 30 feet northwest of the BX Shoppette (Figure 1.3). 
Tank 160-D, a 1,000-gallon tank used to store waste oil, is located in the northeastern 
comer of the shoppette building (Figure 1.3). This tank is constructed of steel but is not 
cathodically protected (Halliburton NUS, 1994). 

In 1974, a leak in the pipeline from the fuel USTs to the fuel dispensers was repaired. 
An unknown amount fuel was released prior to repair of the 1974 pipeline leak, and no 
hydrocarbon-contaminated soils were removed during the repair (Halliburton NUS, 
1992). In December 1989, a tank tightness test was performed on the BX Shoppette 
USTs. Tank 160-A failed the tightness test and was subsequently deactivated in March 
1990. In August 1990, a tank and line tightness test was performed on the remaining 
USTs and fuel dispensing system. This test indicated leaks in one of the 10,000-gallon 
USTs, the 6,000-gallon UST, and the waste oil tank. The tops of the tanks were exposed 
and isolated from their associated piping for retesting. All four tanks passed the retesting. 
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In February and June 1991 a total of 28 soil borings were installed by Professional 
Services, Inc. (PSI) (Halliburton NUS, 1992). These borings confirmed the presence 
hydrocarbons in the soil around the tank pit and identified free product in groundwater. 
Halliburton NUS (1992, 1994, and 1995) continued site investigation under the 
Installation Restoration Program (IRP) and collected additional soil samples, installed 
monitoring wells, and sampled site groundwater. The horizontal limits of soil BTEX 
contamination have been established, however the vertical extent of soil BTEX has not 
been defined. BTEX compounds have been detected in soil samples from 22 feet below 
ground surface (bgs) between the fuel tank pit and the BX Shoppette. Mobile LNAPL 
was up to 4 feet thick in an area southwest of the gasoline tank pit, as measured in May 
1992. Groundwater is contaminated and may be preferentially migrating laterally along 
thin layers of silt and sand between clay layers. In February 1992, Eaker AFB personnel 
bailed a total of 10.75 gallons of free product from monitoring well TW1105. Other than 
this action, no product recovery has taken place (Halliburton NUS, 1994). 
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SECTION 2 


DATA REVIEW AND CONCEPTUAL MODEL DEVELOPMENT 

Previously reported site-specific data were reviewed and used to develop a conceptual 
site model (CSM) for the groundwater flow and contaminant transport conditions at the 
BX Shoppette. The CSM guides the selection of sampling locations and analytical data 
requirements needed to support the modeling efforts and to evaluate potential remediation 
technologies (including intrinsic remediation). Section 2.1 presents a synopsis of 
available site characterization data. Section 2.2 presents the preliminary conceptual 
groundwater flow and contaminant transport model that was developed based on these 
data. 

2.1 DATA REVIEW 

The following sections are based upon review of the following sources: 

• Final Environmental Impact Statement Disposal and Reuse of Eaker Air 
Force Base, Arkansas (FEIS) (Eaker AFB, 1992); 

• IRP Draft Site Assessment Report for the BX Shoppette Underground Storage 
Tank Site (Halliburton NUS, 1992), 

• Unpublished site data (Halliburton NUS, 1994 and 1995); and 
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• Site Characterization and Analysis System (SCAPS) Report [US Army Corps 
of Engineers (US ACE, 1995)]. 

2.1.1 Topography, Surface Hydrology, and Climate 

Eaker AFB is located within the Mississippi Embayment of the Atlantic and Gulf 
Plains physiographic province (Eaker AFB, 1992), and lies within the eastern lowland 
portion of the Central Mississippi River Valley. The topography in the region is 
generally level except in areas adjacent to the Mississippi River. Ground surface 
elevations on the Base range from 245 feet above mean sea level (msl) at the southeastern 
end of the Base (in the vicinity of Pemiscot Bayou) to 265 feet msl at the northwestern 
end of the Base, near the firing range (Figure 2.1). At the BX Shoppette, the topography 
is flat and the ground surface elevation is approximately 250 feet msl. 

Eaker AFB is located within the St. Francis River watershed of the Lower Mississippi 
River Basin. Surface water drainage is characteristic of the Mississippi River floodplain, 
and drainage ditches and bayous have been dredged in the flat terrain to accommodate 
surface water runoff. The majority of the Base lies above the level of the 100-year 
floodplain, and the potential for flooding is minimal. A combination of open drainage 
ditches and storm drains is used to capture and direct runoff from the Base (Eaker AFB, 
1992). Stormwater runoff in the eastern portion of the Base drains to Pemiscot Bayou, 
while surface water flow on the western half of the Base drains to Ditch 25. Both of 
these drainage channels flow southwest to the Little River, which discharges into the St. 
Francis River. The St. Francis River discharges into the Mississippi River approximately 
150 miles south of Eaker AFB. Surface water flow at the BX Shoppette discharges into 
the adjacent surface drainages which flow into Ditch Number 25, located approximately 
4,000 feet north of the site. 
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The Eaker AFB climate is subtropical, with mild winters and hot, humid summers. 
July is the warmest month with an average maximum daily temperature of 90 degrees 
Fahrenheit (°F). The coolest month is January with an average minimum daily 
temperature of 28°F. The average annual precipitation is 48.3 inches, which is evenly 
distributed throughout the year. The average annual relative humidity is 69 percent. 
Flooding occurs during periods of prolonged heavy rainfall, and during the summer 
months climatic conditions make tornado formation possible (Eaker AFB, 1992). 

2.1.2 Overview of Geology and Hydrogeology 

2.1.2.1 Regional Geology and Hydrogeology 

The shallow subsurface geology of northeastern Arkansas consists of Quaternary 
alluvium, which is thickest near the Mississippi River and thins in a westerly direction. 
The alluvium is composed of interbedded clays, silts, sand, and minor gravel and has an 
average thickness of 125 feet (Eaker AFB, 1992). The shallow, unconsolidated, 
Quaternary sediments on Eaker AFT are interpreted to be flood plain and channel 
deposits associated with the past and present positions of the Mississippi River 
(Halliburton NUS, 1992). The overlying soils are weathering products of the alluvial 
deposits and are generally nontransmissive, fine-grained, clayey soils. These soils 
impede infiltration and allow for rapid runoff of surface water. 

Sediments in the vicinity of the Base consist of over 2,000 feet of Tertiary and 
Cretaceous unconsolidated deposits overlying Lower Paleozoic carbonate bedrock (Eaker 
AFB, 1992). The Tertiary Wilcox Formation is present approximately 900 feet below the 
Base. The lower part of this formation is composed of sands that produce potable water 
used by Eaker AFB, the city of Blytheville, and the city of Gosnell (Eaker AFB, 1992). 
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The aquifer is under confined conditions, and the water quality is excellent. Water 
treatment is required only to remove slightly elevated iron concentrations. The lower 
Wilcox Formation aquifer is protected from contamination by approximately 800 feet of 
interbedded unconsolidated sands and clays that form the Claiborne Group. 

Shallow groundwater in the vicinity of the Base is present between 7 and 12 feet bgs 
and in the Quaternary alluvial sands. Irrigation wells and rural residences generally 
obtain water from these Quaternary sands (Eaker AFB, 1992). The upper part of the 
Quaternary deposits consists of sandy clay and clay, while the remainder of the deposits 
are sand and gravel. The sands and gravels comprise the major water-bearing units in the 
Quaternary deposits. Water from the alluvial aquifer is characterized as moderately hard 
to very hard hardness (as calcium bicarbonate). The water table is highest in the area 
northeast of the Base, indicating an area of surface recharge to the Quaternary sands and 
gravels (Eaker, 1992). Flood control for the Mississippi River and local flooding are 
responsible for some groundwater elevation fluctuation. Groundwater in the vicinity of 
Eaker AFB flows southwest to south. 

2.1.2.2 BX Shoppette Geology and Hydrology 

Most of the ground surface at the BX Shoppette is covered by about 6 inches of 
asphalt pavement overlying approximately 2 to 4 feet of sandy fill material. On the basis 
of information collected during the previous investigations, the shallow alluvial 
sediments at the site consist primarily of interbedded clays (with or without silt), sands, 
and sandy clays. Below the fill are several interbedded clayey, sandy, and silty layers 
extending to approximately 10 to 15 feet bgs. This series of units varies in texture both 
laterally and vertically across the site. Underlying the top 12 to 19 feet of soil is a stiff, 
gray and brown clay. The base of the clay layer is undefined, but this layer is suspected 
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to be a minimum of 10 feet thick. A medium- to coarse-grained sand unit underlies the 
clay where the sand is present. The sand has not been observed in all deep boreholes and 
is not believed to be laterally continuous across the site. Figure 2.2 shows the location of 
stratigraphic cross-sections A-A' and B-B'. Figure 2.3 presents cross-section A-A', which 
is oriented in a northwest-southeast direction along the axis of groundwater flow. Figure 
2.4 presents cross-section B-B', oriented southwest-northeast, approximately 
perpendicular to the direction of groundwater flow. 

The cross-sections were constructed using geologic boring logs from the Halliburton 
NUS (1992) site investigation and CPT/laser induced fluorescence (LIF) verification data 
results collected by the US Army Corps of Engineers (USACE, 1995). The CPT soil data 
were interpreted using a soil classification graph and a fluorescence graph. The soil 
graph is constructed by referencing the strain gauge readings, calibration curves, and an 
empirical relationship. The fluorescence graph presents the relative measurement of the 
returned fluorescence from the LIF window on the probe. This is a relative measurement 
of the fuel hydrocarbon contamination. By comparing the CPT soil graph with existing 
adjacent soil borehole logs, the data were correlated to produce a more complete cross- 
section and to better define locations of suspected mobile LNAPL. Appendix B presents 
available geologic boring logs and CPT/LIF output logs 

Borehole logs from downgradient monitoring well MW1126 at the eastern comer of 
the BX Shoppette near Arkansas Avenue (Figure 2.2) show that soils from the surface to 
3 feet bgs are a silt and fine-grained sand. From 3 feet bgs to approximately 14 feet bgs 
is an orange-brown, silty clay, with the silt content decreasing with depth. Below 14 feet 
bgs, a dark-gray to brown clay with organic fragments and worm burrows extends to 25 
feet bgs. The silt content of the clay soil increases with depth, and a fine-grained sandy 
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clay is present to a depth of approximately 29 feet bgs. From 29 feet bgs to a total 
drilled depth of 41 feet bgs a medium-grained, poorly sorted quartz sand is present. 

There are currently 21 groundwater monitoring wells at the BX Shoppette. Seven 
former temporary monitoring wells have been abandoned at the site. All of the wells are 
screened in the shallow alluvial deposits. These wells were installed during several site 
investigations as part of the IRP. Groundwater at the site occurs in the sandy units of the 
Quaternary alluvium and may be perched above the finer-grained clay sediments. 
Available monitoring well construction details are presented in Table 2.1. Figure 2.5 
shows the groundwater surface for the BX Shoppette in March 1992. 

Groundwater flow in the immediate vicinity of the site appears to converge on the site 
from two different directions. West of the BX Shoppette the groundwater flow is to the 
northeast; however, the confluence of two drainage channels north of the station appears 
to create a recharge zone, resulting in a southerly groundwater flow from the confluence 
toward the site. As a result, groundwater flow directly beneath the BX Shoppette is 
deflected to the east by the convergent flows. The hydraulic gradient across the site 
ranges from 0.016 foot per foot (fit/ft) south of the fuel tank pit to 0.0017 fit/ft in the 
immediate tank pit and dispenser area (Halliburton NUS, 1992). The groundwater 
surface shown on Figure 2.5 correlates with the shape and orientation of the groundwater 
BTEX plume, implying that the groundwater flow direction at the site is relatively 
consistent. The converging groundwater flow combined with the small gradient beneath 
the site, gives groundwater a relatively longer residence time below the site. 

In 1988, Halliburton NUS (1992) performed slug tests on shallow aquifer monitoring 
wells located approximately 2,500 feet northeast of the BX Shoppette. Using the 

methods of Bouwer and Rice (1976), hydraulic conductivity values at monitoring wells 
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TABLE 2.1 

SUMMARY OF WELL COMPLETION DATA 
BX SHOPPETTE 
INTRINSIC REMEDIATION TS 
EAKER AFB, ARKANSAS 


Well ID 

Installation 

Date 

Total 
Depth 
(ft bgs) 

Completion 
Depth 
(ft bgs) 

Screened 
Interval 
(ft bgs) 

Ground 
Elevation 
(ft msl) 

Top of 
Casing 
(ft msl) 

TW1101 

12/11/91 

30 

27.2 

15.2-25.2 

NA 87 

NA 

TW1102 

12/11/91 

30 

24.7 

12.4-22.6 

NA 

249.52 

TW1103 b/ 

12/11/91 

30 

27.1 

15.1-25.1 

NA 

249.99 

MW1104 

12/11/91 

30 

26.1 

14.1-24.1 

NA 

251.48 

TW1105 

12/13/91 

26 

25.2 

13.4-23.4 

NA 

251.14 

TW1106 

12/13/91 

29 

25.7 

13.5-23.7 

NA 

250.98 

TW1107 

12/13/91 

30 

27.2 

15.1-25.2 

NA 

251.31 

TW1108 

12/14/91 

29 

25.2 

8.2-23.2 

NA 

250.75 

TW1109 

12/14/91 

25 

20.2 

8.2-18.2 

NA 

250.89 

MW1110 

12/14/91 

25 

20.3 

8.2-18.2 

NA 

251.23 

MW1111 

12/15/91 

22 

20.1 

8.1-18.1 

NA 

251.32 

TW1112 

12/15/91 

25 

25.1 

8.1-25.1 

NA 

250.86 

TW1113 

12/15/91 

27 

25.3 

8.4-23.3 

NA 

252.01 

MW1114 

12/16/91 

24 

18.4 

6.2-16.4 

NA 

251.64 

MW1115 

12/16/91 

22 

18.3 

6.2-16.3 

NA 

250.37 

MW1116 

12/16/91 

22 

20 

7.9-18.0 

NA 

250.62 

TW1117 

12/17/91 

12 

NA 

NA 

NA 

250.83 

TW1118 

12/17/91 

12 

NA 

NA 

NA 

250.42 

MW1119 

12/17/91 

22 

17 

5.0-15.0 

NA 

249.75 

MW1120 

1/7/92 

30 

29.2 

17.2-27.2 

NA 

251.73 

MW1121 

4/8/95 

17 

16.2 

4.2-14.2 

250.97 

253.16 

MW 1122 

4/7/95 

18 

17.3 

5.1-15.1 

250.68 

253.02 

MW1123 

8/11/95 

20 

19 

7.0-17.0 

251.13 

253.56 

MW1124 

8/12/95 

38 

38 

26.0-36.0 

251.93 

253.58 

MW1125 

10/31/95 

38 

38 

26.0-36.0 

250.58 

253.48 

MW1126 

11/1/95 

41 

41 

29.0-39.0 

250.91 

253.70 

MW1127 

11/3/95 

37 

36.5 

24.5-34.5 

250.76 

250.56 

MW1128 

11/5/95 

40 

40 

28.0-38.0 

NA 

251.34 


87 NA = Data not availible. 

b/ Temporaiy wells TW1103, TW1107, TW1108, TW1112, TW1113, TW1117, 
and TW1118 have been removed. 

Sources: Halliburton NUS, 1992 and 1995. 
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MW502 and MW504 were calculated to be 2.1 x 10" 4 centimeters per second (cm/sec) 
and 5.4 x 10* 4 cm/sec, respectively. Using the average of these two measurements, 
Halliburton NUS (1992) estimated the hydraulic conductivity to be 1.06 feet per day 
(ft/day) (3.7 x lO -4 cm/sec) beneath the site. Using a gradient of 0.0017 ft/ft and an 
estimated porosity of 0.25, the groundwater velocity at the BX Shoppette is 
approximately 0.007 ft/day. Halliburton NUS (1992) assumed an aquifer thickness of 
10 feet and calculated an estimated aquifer transmissivity of 79 gallons per day per foot 
(gal/day/ft) in the shallow alluvial aquifer below the BX Shoppette. 

2.1.3 Summary of Analytical Data for BX Shoppette 
2.1.3.1 Soil Sampling and Analytical Results 

Historical soil sampling data are available for sampling events that took place in 1991 
and 1995. In 1991, 56 soil samples were collected by Halliburton NUS (1994) from 
boreholes B-l through B-27, and 12 soil samples were collected from boreholes for wells 
TW1103, TW1108, TW1109, and TW1110 (Figure 2.6). Four years later, Halliburton 
NUS (1995) collected 11 additional soil samples during the installation of monitoring 
wells MW1121 through MW1123 and soil boreholes SB1129 through SB1135. All the 
soil samples collected during these sampling events were analyzed for BTEX and total 
petroleum hydrocarbons (TPH). Some soil samples were analyzed for additional 
contaminants [i.e., metals and semivolatile organic compounds (SVOCs)]; however, 
results reported for these additional analytes are not of primary importance for 
completion of this TS and are not summarized in this work plan. Table 2.2 summarizes 
BTEX and TPH results for all soil samples collected during these sampling efforts. 
Locations of soil samples collected during the 1991 investigation are shown on Figure 


L:\45015\workplan\text\s-2.doc 




TABLE 2.2 

SUMMARY OF SOIL ANALYTICAL DATA 
BX SHOPPETTE 
INTRINSIC REMEDIATION TS 
EAKER AFB, ARKANSAS 


Borehole ID 

Date 

Depth 

(ftbgs) 

Benzene 

(mg/kg) 

Toluene 

(mg/kg) 

Ethylbenzne 

(mg/kg) 

Total 

Xylenes 

(mg/kg) 

Total 

BTEX 

(mg/kg) 

TPH 

(mg/kg) 

B-l 

2/91 

s-io 3 ' 

6.2 

47 

14 

80 

147.2 

322 



15 

2.4 

8.2 

4.5 

17 

32.1 

176 

B-2 

2/91 

5-10 

2.3 

24 

7.7 

40 

74 

248 



15 

3.1 

8.6 

0.3 

2.1 

14.1 

478 

B-3 

2/91 

5-10 

14 

250 

62 

300 

626 

338 



15 

3.6 

16 

1.8 

9.8 

31.2 

176 

B-4 

2/91 

5-10 

ND W 

22 

3.7 

14 

39.7 

484 



15 

ND 

ND 

ND 

ND 

ND 

477 

B-5 

2/91 

5-10 

15 

130 

22 

90 

257 

559 



15 

2.4 

15 

3.9 

16 

37.3 

351 

B-6 

2/91 

5-10 

1.5 

18 

2.5 

14 

36 

218 



15 

1.6 

6.2 

1 

4.6 

13.4 

147 

B-7 

2/91 

5-10 

3.8 

44 

7.3 

44 

99.1 

212 



15 

1.1 

0.9 

0.2 

0.1 

2.3 

247 

B-8 

2/91 

5-10 

5 

27 

7 

39 

78 

157 



15 

ND 

ND 

ND 

ND 

ND 

163 

B-9 

2/91 

5-10 

7.6 

43 

16 

88 

154.6 

136 



15 

1.6 

1.4 

0.2 

0.5 

3.7 

179 

B-10 

2/91 

5-10 

11 

72 

20 

110 

213 

152 



15 

ND 

ND 

ND 

ND 

ND 

203 

B-ll 

2/91 

5-10 

3.2 

15 

2.8 

14 

35 

234 



15 

1.9 

5.2 

0.6 

2.2 

9.9 

240 

B-12 

2/91 

5-10 

6.3 

35 

8.2 

44 

93.5 

207 



15 

1.6 

5.2 

0.5 

2.4 

9.7 

210 

B-13 

6/91 

5-10 

5.3 

24 

6.8 

33 

69.1 

<30 



15 

0.7 

1.1 

ND 

0.4 

2.2 

<30 



20 

0.8 

1.2 

0.2 

0.8 

3 

<30 

B-15 

6/91 

5-10 

5.1 

4.2 

9.4 

73 

91.7 

46 



15 

7.9 

30 

6.1 

27 

71 

<30 



20 

3.7 

16 

4.5 

24 

48.2 

35 

B-16 

6/91 

5-10 

9 

37 

11 

46 

103 

<30 



15 

ND 

ND 

ND 

ND 

ND 

<30 



20 

ND 

ND 

ND 

0.5 

0.5 

<30 

B-17 

6/91 

5-10 

2.3 

13 

4.3 

26 

45.6 

<30 

B-18 

6/91 

5-10 

7.2 

20 

3.7 

22 

52.9 

<30 



15 

6.2 

19 

5.2 

24 

54.4 

<30 

B-19 

6/91 

5-10 

0.5 

3 

5.4 

19 

27.9 

<30 



15 

0.6 

1.8 

ND 

0.7 

3.1 

<30 



20 

0.7 

1.9 

0.3 

0.8 

3.7 

<30 
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TABLE 2.2 (Concluded) 







SUMMARY OF SOIL ANALYTICAL DATA 







BX SHOPPETTE 








INTRINSIC REMEDIATION TS 







EAKER AFB, ARKANSAS 










Total 

Total 




Depth 

Benzene 

Toluene Ethylbenzne 

Xylenes 

BTEX 

TPH 

1 Borehole ID 

Date 

(ft bgs) 

(mg/kg) 

(mg/kg) 

(mg/kg) 


(mg/kg) 

(mg/kg) 

1 B-20 

6/91 

5-10 

3.3 

26 

ND 

26 

55.3 

<30 



15 

37 

280 

68 

400 

785 

<30 



20 

14 

130 

31 

160 

335 

<30 

| B-21 

6/91 

5-10 

18 

84 

15 

100 

217 

30 



15 

13 

54 

18 

83 

168 

64 



20 

8.4 

22 

4.7 

27 

62.1 

<30 

1 B-22 

6/91 

5-10 

5.3 

32 

7.5 

44 

88.8 

<30 



15 

15 

65 

10 

51 

141 

<30 

B-23 

6/91 

5-10 

1 

17 

7.1 

28 

53.1 

<30 



15 

0.6 

2 

1.9 

7.8 

12.3 

<30 

® B-24 

6/91 

5-10 

1.3 

17 

11 

29 

58.3 

<30 



15 

0.2 

2.3 

1.6 

7.1 

11.2 

<30 



20 

0.2 

0.6 

0.2 

0.9 

1.9 

<30 

I B-25 

6/91 

5-10 

4.4 

28 

7.9 

44 

84.3 

<30 



15 

0.2 

0.8 

0.1 

0.8 

1.9 

<30 

■ B-27 

6/91 

5-10 

2.4 

23 

9.2 

36 

70.6 

<30 



15 

1.1 

10 

1.6 

15 

27.7 

<30 

TW1103 

12/11/95 

3 

<1 

<1 

<1 

3 

3 

<20 



10 

< 1 

<1 

<1 

< 1 

<1 

<20 



22 

ND 

<1 

< 1 

<1 

<1 

<20 

m TW1108 

12/14/95 

5 

<1 

<1 

<1 

3 

3 

<20 



17 

<1 

< 1 

1 

4 

5 

<20 



21 

<1 

<1 

<1 

<1 

< 1 

<20 

■ TW1109 

12/14/95 

6 

5 

17 

17 

78 

123 

172 



10 

< 1 

<1 

< 1 

<1 

<1 

<20 



18 

<1 

< 1 

< 1 

< 1 

< 1 

<20 

1 TW1110 

12/14/95 

6-7 

2 

58 

19 

93 

172 

23 



8.5 

1 

19 

<1 

51 

71 

<20 



16.5 

< 1 

3 

<1 

3 

6 

<20 

| MW1121A 

4/8/95 

NA 07 

ND 

ND 

ND 

ND 

ND 

ND 

MW1122A 

4/7/95 

NA 

< 1 

<1 

ND 

ND 

< 1 

ND 

— MW1123A 

8/11/95 

NA 

ND 

ND 

ND 

ND 

ND 

ND 

I SB1129A 

4/6/95 

NA 

ND 

ND 

ND 

ND 

ND 

ND 

SB 1130A 

4/6/95 

NA 

ND 

ND 

ND 

ND 

ND 

ND 

SB1131A 

4/7/95 

NA 

<1 

<1 

ND 

ND 

< 1 

ND 

■ SB1132A 

4/9/95 

NA 

ND 

ND 

ND 

ND 

ND 

ND 

• SB1133A 

4/7/95 

NA 

ND 

ND 

ND 

ND 

ND 

ND 

SB1134A 

4/8/95 

NA 

ND 

ND 

ND 

ND 

ND 

ND 

■ SB1135A 

4/7/95 

NA 

0.9 

2.7 

1.1 

5.4 

10.1 

38 

■ SB1135B 

4/7/95 

NA 

6.1 

27 

15 

74 

122.1 

570 

37 5-10 foot samples were 

composited at 5 and 10 feet. 






■ b/ ND = not detected. 








■ d NA = data not available. 







Sources: HalliburtonNUS, 1992 and 1995. 
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During the 1991 investigation (Halliburton NUS, 1992), saturated and unsaturated 
zone soil samples were collected at depths ranging from 5 to 22 feet bgs. Soil BTEX 
contamination was identified in saturated samples collected below the water table at 20 
feet below bgs. However, the saturated samples collected below about 10 feet bgs do not 
correlate with surface contamination sources and are believed to result from groundwater 
smear of mobile LNAPL. Appendix B presents figures from Halliburton NUS (1992) 
that contour the soil contamination below 10 feet bgs. 

Significant concentrations of BTEX and TPH in unsaturated soils appear to be limited 
to soils in the vicinity of the gasoline tank pit and the underground fuel line trench. 
Figure 2.6 is an isocontour map showing BTEX contamination in soils to a maximum 
depth of 10 feet bgs. The unsaturated soil BTEX contamination appears to be confined 
within the site boundaries. The maximum total BTEX contamination measured in 
unsaturated soils [626 milligrams per kilogram (mg/kg)] was detected in soil borehole B- 
3, adjacent to the gasoline tank pit. Unsaturated soil contamination in the region of the 
UST pit is concentrated mostly to the north and west of, and below, the pit. The highest 
unsaturated total BTEX concentration not related to the tank pit contamination was 
located at borehole B-21 adjacent to the fuel line trench, that lies between the tank pit and 
the fuel dispensers. The remainder of the soil sampling indicated lower BTEX 
concentrations throughout the rest of the BX Shoppette site (Figure 2.6). The fluctuation 
of the groundwater surface, LNAPL dispersion, and isolated small fuel spills most likely 
are responsible for the lower outlying soil BTEX concentrations away from the two 
primary source areas (i.e., the gasoline UST pit and the fuel line). 
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2.1.3.2 Groundwater Sampling and Analytical Results 


A total of 28 monitoring wells have been installed at the BX Shoppette. All of the 
wells have been installed by Halliburton NUS (1992 and 1995) during several phases of 
investigation. Seven temporary wells (TW1103, TW1107, TW1108, TW1112, TW1113, 
TW1117, and TW1118) were removed by Halliburton NUS (1992) after sampling and 
analysis. Available well construction details are presented in Table 2.1. All of the 
monitoring wells at the site are screened within the shallow unconsolidated sediments. 
Groundwater quality data were collected from the BX Shoppette wells in 1992 and 1995 
(Halliburton NUS, 1992 and 1995) as part of site assessment activities. BTEX and TPH 
results for both groundwater sampling events are presented in Table 2.3. 

Measurable mobile LNAPL (free product) has been observed in monitoring well 
TW1105. Immediately after installation, well TW1105 contained 0.3 foot of LNAPL. In 
January 1992, 5.35 feet of product was measured at monitoring well TW1105, and in 
February 1992, 10.75 gallons of product was bailed from the well by Eaker AFB 
personnel (Halliburton NUS, 1992). In May 1992, the LNAPL was measured at 
approximately 4 feet. Analysis of the LNAPL indicated the product is leaded gasoline. 
The storage and sale of leaded gasoline at the BX Shoppette ceased in March 1990; 
therefore, the release that resulted in the accumulation of LNAPL in this area likely 
occurred before 1990. It is possible that the 1974 leak in the fuel transfer line was the 
source of the mobile LNAPL in this area (Halliburton NUS, 1992). The lateral extent of 
the mobile LNAPL plume has not been determined, but the plume is believed to be 
limited because it has only been observed in monitoring well TW1105. However, the 
observed BTEX concentration of 36,800 micrograms per liter (pg/L) in a 1995 
groundwater sample from monitoring well TW1 111, about 100 feet north of TW1105, is 

2-18 


L:\45015\workplan\text\s-2.doc 


TABLE 2.3 

SUMMARY OF GROUNDWATER ANALYTICAL DATA 
BX SHOPPETTE 
INTRINSIC REMEDIATION TS 
EAKER AFB, ARKANSAS 


Well ID 

Sample 

Date 

Benzene 

(Hg/L) 

Ethylbenzene 

(M-g/L) 

Toluene 

(Hg/L) 

Total 

Xylene 

(M-g/L) 

Total 

BTEX 

(p.g/L) 

TPH 

(mg/L) 

TW1101 

6/1/95 

610 

310 

440 

880 

2240 

9 

TW1102 

6/1/95 

ND 37 

ND 

ND 

ND 

ND 

ND 

MW1104 

1/13/92 

<2 

<2 

<2 

<2 

<8 

<0.2 


6/2/95 

130 

210 

170 

560 

1070 

16 

TW1105 

NS b/ 

NS 

NS 

NS 

NS 

NS 

NS 

TW1106 

6/2/95 

ND 

ND 

ND 

ND 

ND 

ND 

TW1109 

6/5/95 

2200 

170 

160 

1100 

3630 

15.5 

MW1110 

1/13/92 

4800 

2000 

45000 f 

7600 

59700 J 

2 


6/2/95 

10000 

1000 

280 

3200 

14480 

52.5 

MW1111 

1/13/92 

5300 J 

1500 J 

<2 

7120 J 

13920 J 

2.7 


6/2/95 

5000 

2800 

14000 

15000 

36800 

21.2 


8/15/95 

4100 

2000 

11000 

14000 

31100 

67 

MW1114 

1/13/92 

<2 

<2 

<2 

<2 

<8 

<0.2 


6/5/95 

ND 

ND 

ND 

ND 

ND 

ND 

MW1115 

1/13/92 

<2 

<2 

<2 

<2 

<8 

<0.2 


6/5/95 

ND 

ND 

ND 

ND 

ND 

ND 

MW1116 

1/12/92 

<2 

<2 

<2 

<2 

<8 

<0.2 


6/5/95 

ND 

ND 

ND 

ND 

ND 

ND 

MW1119 

1/13/92 

<2 

<2 

<2 

<2 

<8 

<0.2 


6/5/95 

ND 

ND 

ND 

ND 

ND 

ND 

MW1120 

1/12/92 

<2 

<2 

<2 

<2 

<8 

<0.2 


6/8/95 

ND 

ND 

ND 

ND 

ND 

ND 

MW1121 

6/8/95 

ND 

ND 

ND 

ND 

ND 

ND 

MW1122 

6/8/95 

ND 

ND 

ND 

ND 

ND 

ND 

MW1123 

8/24/95 

ND 

ND 

ND 

ND 

ND 

ND 

MW1124 

8/25/95 

62 

5.4 

4.5 

10 

81.9 

ND 


Sources: Halliburton NUS, 1992 and 1995. 

37 ND = Not detected. 

b/ NS = Not sampled because mobile LNAPL was present. 
d J = Estimated value. 
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near equilibrium BTEX concentrations, and therefore this well may also contain free 
product. 

Elevated concentrations of dissolved BTEX in groundwater correspond with regions 
of mobile LNAPL and soil contamination (Figure 2.7). Total BTEX concentrations in 
excess of 10,000 pg/L were detected in 1995 groundwater samples collected from 
TW1110 and TW1111 (Halliburton NUS, 1995). The dissolved BTEX plume shape is 
relatively symmetrical; and it does not appear to be traveling away from the site. The 
convergent groundwater flow from the west and north, coupled with the flat hydraulic 
gradient appears to be acting to limit plume migration away from the BX Shoppette. The 
shape of the BTEX plume indicates relatively minor plume expansion to the northwest 
and southeast. This observed plume expansion may be the result of the BTEX plume 
traveling within the shallow aquifer in deeper, more conductive layers. At monitoring 
well cluster MW1123 and MW 1124, BTEX compounds were not detected in 
groundwater samples from the shallower well (MW1123), but 81.9 pg/L total BTEX was 
detected in a groundwater sample from the deeper well, (MW1124). BTEX was not 
detected at the shallow downgradient well MW1121; and data from the deeper adjacent 
well, MW1126, were not available. The downgradient extent of dissolved BTEX in 
deeper aquifer zones has not been completely defined. 

2.1.3.3 Geochemical Indicators of BTEX Degradation 

Biodegradation of dissolved fuel hydrocarbons causes measurable changes in 
groundwater chemistry (Wiedemeier et ah, 1995). Microorganisms obtain energy for cell 
production and maintenance by facilitating thermodynamically advantageous 
reduction/oxidation reactions involving the transfer of electrons from electron donors to 
available electron acceptors. This results in the oxidation of the electron donor and the 
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MW1101 MONITORING WELL WITH GROUNDWATER 

2240 BTEX CONCENTRATION (ug/L) 








reduction of the electron acceptor. Electron donors at the BX Shoppette include natural 
organic carbon and fuel hydrocarbon compounds. Electron acceptors are elements or 
compounds that occur in relatively oxidized states, and include dissolved oxygen, nitrate, 
ferric iron, sulfate, and carbon dioxide. 

During aerobic respiration of BTEX compounds, oxygen is used as an electron 
acceptor during microbial mineralization of carbon, and dissolved oxygen concentration 
decrease. In anaerobic systems where sulfate, nitrate, and ferric iron are available 
electron acceptors, the concentrations of sulfate and nitrate decrease, and the ferrous iron 
concentrations increase. In anaerobic conditions where carbon dioxide is used as an 
electron acceptor, it is reduced by methanogenic bacteria, and methane is produced. 
Groundwater geochemical data collected at 16 wells at the BX Shoppette by Halliburton 
NUS (1995) are summarized in Table 2.4. The data indicate that anaerobic 
biodegradation of BTEX through sulfate reduction may be occurring at the site. Aerobic 
biodegradation may be occurring, but data indicating this are not available. 

Groundwater alkalinity is a measure of the ability of groundwater to buffer changes in 
pH caused by the generation of biologically generated acids. Increased alkalinity in the 
areas of groundwater BTEX contamination can occur in response to increased carbon 
dioxide concentrations, which are a product of BTEX biodegradation (Morell and Hering, 
1993). Figure 2.8 presents an isopleth map of groundwater alkalinity in August 1995. 

Sulfate also appears depleted in the areas corresponding to the BTEX plume (Figure 
2.7) at the site, which suggests anaerobic BTEX biodegradation through sulfate reduction. 
Figure 2.9 is an isopleth map of August 1995 groundwater sulfate concentrations. In this 
anaerobic process, the BTEX compounds combine with sulfate and hydrogen to produce 

carbon dioxide, water, and sulfur. Comparison of Figures 2.8 and 2.9 with the 
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TABLE 2.4 

SUMMARY OF GROUNDWATER GEOCHEMICAL DATA 
BX SHOPPETTE 
INTRINSIC REMEDIATION TS 
EAKER AFB, ARKANSAS 



Nitrate 

(mg/L) 

Alkalinity 

(mg/L) 

Sulfate 

(mg/L) 

Chloride 

(mg/L) 

TW1101 

ND 27 

280 

13 

5 

TW1102 

ND 

270 

382 

5 

MW1104 

ND 

260 

38 

7 

TW1106 

0.013 

430 

7 

4 

TW1109 

0.1 

330 

22 

36 

MW1110 

0.12 

350 

3 

200 

MW1111 

0.03 

220 

ND 

ND 

MW1114 

ND 

83 

102 

24 

MW1115 

0.16 

81 

57 

9 

MW1116 

0.02 

120 

52 

3 

MW1119 

0.01 

630 

86 

9 

MW1120 

ND 

240 

2.5 

ND 

MW1121 

0.13 

62 

15 

ND 

MW1122 

ND 

110 

46 

ND 

MW1123 

ND 

140 

14 

ND 

MW1124 

ND 

170 

28 

1 


^ ND = Not detected. 

Source: Halliburton NUS, 1995. 
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groundwater BTEX plume (Figure 2.7) shows graphically that the areas of relatively high 
alkalinity and reduced sulfate correspond with the BTEX plume. This is a preliminary 
indication that biodegradation of BTEX compounds is occurring at the site. Additional 
analysis of these and other attenuation processes will be provided in the TS report. 

2.2 DEVELOPMENT OF CONCEPTUAL SITE MODEL 

A CSM is a three-dimensional representation of a site’s hydrogeologic system based 
on available geological, hydrological, climatological, and geochemical data. A CSM is 
developed to provide an understanding of the mechanisms controlling contaminant fate 
and transport and to identify additional data requirements. The model describes known 
and suspected sources of contamination, types of contamination, affected media, and 
contaminant migration pathways. The model also provides a foundation for formulating 
decisions regarding additional data collection activities and potential remedial actions. 
The CSM for the BX Shoppette will be used to aid in selecting additional data collection 
points and to identify appropriate data needs for quantifying and simulating groundwater 
flow characteristics and evidence of hydrocarbon degradation using groundwater flow 
and solute transport models. 

Successful conceptual model development involves: 

• Defining the problem to be solved; 

• Integrating available data, including 

- Local geologic and topographic data, 

- Hydraulic data, 

- Site stratigraphic data, and 
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- Contaminant concentration and distribution data; 


• Evaluating contaminant fate and transport characteristics; 

• Identifying contaminant migration pathways; 

• Identifying potential receptors and receptor exposure points; and 

• Determining additional data requirements. 

2.2.1 Predicting Intrinsic Remediation with Fate and Transport Models 

The positive effect of natural attenuation processes (e.g., advection, dispersion, 
sorption, and biodegradation) on reducing the actual mass of fuel-related contamination 
dissolved in groundwater has been termed intrinsic remediation. Advantages of intrinsic 
remediation include: (1) contaminants are transformed to innocuous byproducts (e.g., 
carbon dioxide and water), not just transferred to another phase or location within the 
environment; (2) current pump-and-treat technologies are energy-intensive and generally 
not as effective in reducing residual contamination; (3) the process is nonintrusive and 
allows continuing use of infrastructure during remediation; (4) current engineered 
remedial technologies may pose a greater risk to potential receptors than intrinsic 
remediation because contaminants may be transferred into the atmosphere during 
remediation activities; and (5) intrinsic remediation is far less costly than conventional, 
engineered remedial technologies. 

An accurate estimate of the potential for natural biodegradation of BTEX compounds 
in groundwater is important to consider when determining whether fuel hydrocarbon 
contamination presents a substantial threat to human health and the environment (through 
modeling), and when deciding what type of remedial alternative will be most cost 

effective in eliminating or abating such threats. Over the past two decades, numerous 
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laboratory and field studies have demonstrated that subsurface microorganisms can 
degrade a variety of hydrocarbons (Lee, 1988). This process occurs naturally when 
sufficient oxygen (or other electron acceptors) and nutrients are available in the 
groundwater. Hence, biodegradation is considered the most important natural attenuation 
process operating to remove BTEX contamination. The rate of natural biodegradation is 
generally limited by the lack of oxygen (or other electron acceptors) rather than by the 
lack of nutrients such as nitrogen or phosphorus. The supply of oxygen to unsaturated 
soil is constantly renewed by the vertical diffusion from the atmosphere. The supply of 
oxygen to a shallow, fuel-contaminated aquifer is constantly renewed by the influx of 
oxygenated, upgradient flow and precipitation recharge, and by the vertical diffusion of 
oxygen from the unsaturated soil zone into the groundwater (Borden and Bedient, 1986). 
The rate of natural biodegradation in unsaturated soil and shallow aquifers is largely 
dependent upon the rates at which oxygen and other electron acceptors enter the 
contaminated media. 

By combining site-specific geochemical and chemical evidence, the potential for 
intrinsic remediation can be quantified through fate and transport modeling. Several 
analytical and numerical models are available for modeling the fate and transport of fuel 
hydrocarbons under the influence of advection, dispersion, sorption, and natural aerobic 
and anaerobic biodegradation. Analytical models may be used in conjunction with 
numerical models, such as Bioplume II, as appropriate. The Bioplume II numerical model 
is based upon the US Geological Survey (USGS) two-dimensional (2-D) solute transport 
model (Konikow and Bredehoeft, 1978), which has been modified to include a 
biodegradation component that is activated by a superimposed plume of dissolved 
oxygen. Bioplume II solves the USGS 2-D solute equation twice, once for hydrocarbon 

concentrations in the groundwater and once for a dissolved oxygen plume. The two 
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plumes are then combined using superimposition at every particle move to simulate 
biological reactions between fuel products and oxygen. As appropriate, biodegradation 
of contaminants by anaerobic processes is simulated using a first-order decay rate. The 
Bioplume II model will be used to predict the fate and transport of contaminants at the 
BX Shoppette site. 

2.2.2 Initial Conceptual Site Model 

The BX Shoppette hydrogeologic data were previously integrated to produce two 
hydrogeologic cross-sections of the site. Cross sections A - A’ and B - B’ (Figures 2.3 
and 2.4) show the interbedded hydrostratigraphic units present at the site as determined 
from previous cross-sections and US ACE (1995) CPT results. Figure 2.5 is a 
groundwater surface map prepared using March 1992 groundwater elevation data 
(Halliburton NUS, 1992) 

The water table is present at approximately 7 to 12 feet bgs, in the silty sand and sandy 
clay deposits in the beneath the site. Groundwater flow converges in the site vicinity 
from the west and north, with gradients ranging from 0.016 ft/ft to 0.0017 ft/ft. On the 
basis of the available data, Parsons ES will model the site as an unconfined, fine-grained 
sand aquifer interbedded with clay sediments. The aquifer may become confined with 
depth due to overlying clay units, and the CSM will be modified as necessary as 
additional site hydrogeologic data become available. Vertical migration of site 
contaminants in groundwater will be further investigated in the source area near 
monitoring well TW1105 to evaluate the spread of dissolved BTEX in different aquifer 
subunits. 
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Mobile LNAPL is believed to be present at the BX Shoppette, and it may be necessary 
to use the fuel/water partitioning models of Bruce et al. (1991) or Cline et al. (1991) to 
provide a conservative source term to model the partitioning of BTEX from the mobile 
LNAPL into the groundwater. In order to use one of these models, samples of free 
product will be collected and analyzed for mass fraction of BTEX. Parsons ES also will 
collect additional groundwater samples from immediately below the LNAPL layer. 
Mobile LNAPL has been observed in well TW1105; the lateral extent of free product has 
not been determined. Figure 2.7 shows the extent of BTEX groundwater contamination 
at the site. Information from this map and historical soil contamination data for the site 
(Figure 2.6) will be used to select the locations of new monitoring wells to fully define 
the extents of the mobile LNAPL and dissolved BTEX plumes at the BX Shoppette. 

Because of it solubility and relative toxicity, benzene is the primary chemical of 
interest in groundwater at the BX Shoppette. However, the synergistic effects of all of 
the BTEX compounds on attenuation rates make site data on all of the BTEX compounds 
important. Therefore, the BTEX compounds will be the primary focus of this intrinsic 
remediation TS. The Bioplume II model will be used to simulate the degradation of these 
chemicals at the BX Shoppette and to predict the concentrations and extent of the 
contaminant plumes in the groundwater over time. 

Dissolved BTEX compounds at the site are expected to continue to leach from 
contaminated soils containing fuel residuals, to dissolve from mobile LNAPL into the 
groundwater, and to migrate downgradient as a dissolved contaminant plume. In addition 
to the effects of mass transport mechanisms (volatilization, dispersion, diffusion, and 
adsorption), these dissolved contaminants will likely be removed from the groundwater 
system by destructive attenuation mechanisms, such as biodegradation. The effects of 
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these fate and transport processes on the dissolved BTEX plume will be investigated 
using the quantitative groundwater analytical data and the solute transport models. Data 
collection and analysis requirements are discussed in Section 3 of this work plan. 

2.2.3 Potential Pathways and Receptors 

Potential preferential contaminant migration pathways such as groundwater discharge 
points and subsurface utility corridors (artificial conduits) will be identified during the 
field work phase of this project. The primary potential migration path for contaminants at 
the BX Shoppette is from the residual LNAPL in contaminated soils and mobile LNAPL 
at the site into the groundwater, and from the groundwater to potential downgradient 
receptors via ingestion or incidental contact. 

Shallow groundwater beneath the site flows toward the east. There are no known 
operating potable or nonpotable water wells (other than monitoring wells) located within 
1 mile downgradient or crossgradient from the site. Surface drainage by overland flow 
from the site discharges into the adjacent surface drainages and flows into Ditch 25, north 
of the site. Shallow soil contamination at the site is located at the gasoline tank pit and 
fuel trench, and is not expected to impact surface water quality due to the asphalt cover. 

The potential for exposure to contaminated groundwater originating from the site 
through ingestion is low because Base access is restricted and Base drinking water does 
not come from wells located downgradient from the site and within the surfical aquifer. 
Pavement at the site prevents surface water/soil contact. However, fuel vapors could 
migrate into the BX Shoppette building. There are four deep-aquifer potable- water wells 
located approximately 2.3 miles southeast of the Base that are used by the city of 
Blytheville. Site contaminants are not expected to migrate to any of these drinking water 
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wells. However, determining the potential impacts from shallow groundwater discharge 
into the adjacent drainage ditch will be of primary importance for assessing the feasibility 
of intrinsic remediation at the BX Shoppette and will be considered in greater detail once 
additional site data essential for the evaluation of intrinsic remediation have been 
collected. 
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SECTION 3 


COLLECTION OF ADDITIONAL DATA 

To complete the TS and to evaluate whether natural attenuation of fuel-related 
contaminants is occurring, additional site-specific hydrogeologic data will be collected. 
The physical and chemical hydrogeologic parameters listed below will be determined 
during the field work phase of the TS. 

Physical hydrogeologic characteristics include: 

• Depth from measurement datum to the groundwater surface in existing monitoring 
wells; 

• Locations of potential groundwater recharge and discharge areas; 

• Locations of downgradient wells and their uses; 

• Hydraulic conductivity through slug tests, as required; 

• Estimation of dispersivity, where possible; 

• Stratigraphic analysis of subsurface media; 

• Groundwater temperature; and 

• Determination of extent and thickness of mobile- and residual-LNAPL. 

Chemical hydrogeologic characteristics include: 

• Dissolved oxygen (DO) concentrations; 
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Specific conductance; 


• pH; 

• Chemical analysis of mobile LNAPL to determine mass fraction of BTEX; and 

• Additional chemical analysis of groundwater and soil for the parameters listed in 
Table 3.1. 

Field work described in this work plan in support of the TS will be completed in 
March 1996. The objective of field work will be to define the extent of residual and 
mobile LNAPL hydrocarbon contamination using CPT in conjunction with LIF testing 
and soil, groundwater, and mobile LNAPL sampling. Areas of residual and free-phase 
hydrocarbon contamination were sampled during field operations conducted in 1991, 
1992, and 1995; however, additional LIF testing will be required during the upcoming 
field operations to better define the extent of residual and mobile LNAPL. 

The following sections describe the procedures that will be followed when performing 
field investigations and collecting site-specific data. The CPT/LIF system is described in 
Section 3.1. Procedures for soil sample collection to verify CPT/LIF data are described 
in Section 3.1.2. Procedures for the installation of new monitoring points are described in 
Section 3.2. Procedures for sampling existing groundwater monitoring wells and newly 
installed groundwater monitoring points are described in Section 3.3, and procedures for 
the measurement of aquifer parameters (e.g., hydraulic conductivity) are described in 
Section 3.4. 
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TABLE 3.1 

ANALYTICAL PROTOCOL FOR 
GROUND WATER AND SOIL SAMPLES 
BX SHOPPETTE 
INTRINSIC REMEDIATION TS 
EAKER AFB, ARKANSAS 


MATRIX 

Analyte 

METHOD 

FIELD (F) OR 
ANALYTICAL 
LABORATORY (L) 

WATER 

Total Iron 

Colorimetric, Hach Method 8008 (or similar) 

F 

Ferrous Iron (Fe+2) 

Colorimetric, Hach Method 8146 (or similar) 

F 

Ferric Iron (Fe+3) 

Difference between total and ferrous iron 

F 

Manganese 

Colorimetric, Hach Method 8034 (or similar) 

F 

Sulfide 

Colorimetric, Hach Method 8131 (or similar) 

F 

Sulfate 

Colorimetric, Hach Method 8051 (or similar) 

F 

Nitrate 

Titrimetric, Hach Method 8039 (or similar) 

F 

Nitrite 

Titrimetric, Hach Method 8507 (or similar) 

F 

Redox Potential 

A2580B, direct-reading meter 

F 

Oxygen 

Direct-reading meter 

F 

pH 

E150.1/SW9040, direct-reading meter 

F 

Conductivity 

El20.1/SW9050, direct-reading meter 

F 

Temperature 

E170.1 

F 

Alkalinity (Carbonate [C03-2] 
and Bicarbonate [HC03-1]) 

' Titrimetric, Hach Method 8221 (or similar) 

F 

Carbon Dioxide 

CHEMetrics Method 4500 

F 

Nitrate 

E300 or SW9056 

L 

Nitrite 

E300 or SW9056 

L 

Chloride 

E300 or SW9056 

L 

Sulfate 

E300 or SW9056 

L 

Alkalinity 

E150.1 

L 

Methane 

RSKSOP 175^ 

L 

Total Organic Carbon 

A5310C 

L 

Aromatic Hydrocarbons 
(Including Trimethylbenzene 
and Tetramethylbenzene) 

SW8020 

L 

Total Hydrocarbons 

SW8015, modified for gasoline-range organics 

L 

FREE PRODUCT 

Free Product 

GS/MS, Direct Injection 

L 

SOIL 



Total Organic Carbon 

SW9060 

L 

Moisture 

ASTMD-2216 

L 

Aromatic Hydrocarbons 

SW8020 

L 

Total Hydrocarbons 

SW8015, modified for gasoline-range organics 

L 


a RSKSOP = Robert S. Kerr Laboratory standard operating procedure. 
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3.1 CONE PENETROMETRY 


Subsurface conditions at the site will be characterized using CPT coupled with LIF. 
Cone penetrometry is an expeditious and effective means of analyzing the stratigraphy of 
a site by measuring resistance against the conical probe of the penetrometer as it is 
pushed into the subsurface. Stratigraphy is determined from a correlation of the point 
stress at the probe tip and frictional stress on the side of the cone. Soil cores also are 
collected to correlate the CPT readings to the lithologies present at the site. 

CPT will be conducted using the USACE’s cone penetrometer truck. This equipment 
consists of an instrument probe that is forced into the ground using a hydraulic load frame 
mounted on a heavy truck, with the weight of the truck providing the necessary reaction 
mass. The penetrometer equipment is housed in a stainless steel, dual-compartment body 
mounted on a 43,000-pound, triple-axle Kenworth® truck chassis powered by a turbo¬ 
charged diesel engine. The weight of the truck and equipment is used as ballast to 
achieve the overall push capability of 39,000 pounds. This push capacity may be limited 
in tight soils by the structural bending capacity of the 1.40-inch outside-diameter (OD) 
push rods, rather than by the weight of the truck. The current 39,000-pound limitation is 
intended to minimiz e the possibility of push-rod buckling. Penetration force is supplied 
by a pair of large hydraulic cylinders bolted to the truck frame. 

The penetrometer probe is of standard dimensions, having a 1.40-inch OD, a 60- 
degree conical point with sacrificial tip, and an 8.0-inch-long by 1.40-inch OD friction 
sleeve. Inside the probe, two load cells independently measure the vertical resistance 
against the conical tip and the side friction along the sleeve. Each load cell is a cylinder 
of uniform cross-section that is instrumented with four strain gauges in a full-bridge 
circuit. Forces are sensed by the load cells, and the data are transmitted from the probe 
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assembly via a cable running through the push tubes. The analog data are digitized, 
recorded, and plotted by computer in the penetrometry truck. A grout tube also runs down 
the push cylinder to allow the emplacement of cement grout in order to seal the CPT hole. 
The USACE CPT is not equipped to monitor pore pressure; therefore, the location of the 
water table will not be measured using the CPT apparatus. However, evaluation of point 
and sleeve stresses can often provide an estimated depth to groundwater. The 
penetrometer is usually advanced vertically into the soil at a constant rate of 2 cm/s, 
although this rate must sometimes be reduced, such as when hard layers are encountered. 
Penetration, dissipation, and resistivity data will be used to determine lithologic layering 
as it is encountered in the field. 

The known propensity of aromatic hydrocarbons to fluoresce under ultraviolet 
wavelengths has allowed the use of LIF technology, in conjunction with CPT technology, 
to detect soil characteristics and hydrocarbon contamination simultaneously. The LIF is 
not capable of detecting chlorinated solvents. The LIF is only useful for more grossly 
contaminated areas with mobile LNAPL or significant residual contamination 
concentrations. The lower range of detection is greater than 100 mg/kg total 
hydrocarbons. The LIF system has a 0.25-inch sapphire window in the side of the cone 
that allows a laser to scan the soil for fluorescent compounds as the LIF penetrometer rod 
pushes through soil. Assuming that aromatic hydrocarbons are simultaneously 
solvenated with other fuel-hydrocarbon constituents, the magnitude of aromatic 
fluorescence is indicative of hydrocarbon contamination in a soil matrix. Fiber optic 
cables connected to the laser spectrometer and a 6-pair electrical conductor connected to 
the CPT data acquisition system, are routed through the interior of the push tubes to the 
CPT probe. 
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The basic components of the LIF instrument are a nitrogen laser, a fiber optic probe, a 
monochromator for wavelength resolution of the return fluorescence, a photomultiplier 
tube to convert photons into an electrical signal, a digital oscilloscope for waveform 
capture, and a control computer. The fiber optic probe for the cone penetrometer consists 
of delivery and collection optical fibers, a protective sheath, a fiber optic mount within 
the cone, and a 0.25-inch sapphire window (Figure 3.1). 

The results of each CPT/LIF push will be available 2 or 3 minutes after the completion 
of each hole. Graphs showing cone resistance, sleeve friction, soil classification, 
fluorescence intensity, and wavelength will be plotted by USACE personnel at the 
conclusion of each penetration and presented to the Parsons ES field scientist in order to 
allow investigative decisions to be based on the most current information. 

3.1.1 CPT/LIF Testing Strategy 

The purpose of the CPT/LIF testing at the site is to determine subsurface stratigraphy 
and to better define the areal and vertical extent of residual fuel hydrocarbons in the 
unsaturated zone and free-phase hydrocarbons in the site groundwater. The CPT will be 
pushed from ground surface to below fluorescing contamination, refusal, or up to 60 feet 
bgs, depending on contaminant distribution and subsurface conditions. In order to define 
the edges of mobile LNAPL contamination, CPT/LIF points be will placed at the 
locations shown on Figure 3.2. The majority of the points will be used to better define 
the vertical and lateral extent of the mobile LNAPL layer that has been observed in 
monitoring well TW1105. Points will be placed at the estimated outer extent of the 
LNAPL to establish a known mobile LNAPL plume location. CPT/LIF points also will 
be placed closer or further away, as necessary, to define the extent of the layer. Other 
CPT/LIF sites are located downgradient from the site across the drainage ditch and will 
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be used to install monitoring points to collect groundwater BTEX and electron acceptor 
data. One CPT point will be located north of the site to serve as a background monitoring 
point. The proposed CPT locations will be repositioned, as needed, based on data 
collected at the time of field sampling. 

Base personnel will coordinate with the USACE to identify the location of all utility 
lines, USTs, fuel lines, and any other underground infrastructure prior to any CPT 
activities. All necessary digging permits will be obtained by Base and the USACE 
personnel prior to mobilizing to the field. Digging permits issued in 1995 for previous 
USACE (1995) work at the BX Shoppette may be used if Base authorities agree. Base 
personnel also will coordinate with USACE to acquire drilling and monitoring point 
installation permits for the proposed CPT/LIF locations indicated in Figure 3.2. 

3.1.2 Soil Sampling and Analysis 

To check the CPT soil classifications and to calibrate the LIF data, soil samples from 
discrete intervals will be collected at the site. Soil samples will be collected from varied 
soil units (if present) within source areas and visibly contaminated areas, at the fringe of 
the identified residual or mobile LNAPL hydrocarbon plume, and outside of the LNAPL 
plume. Soil samples will be collected at up to 13 locations. Figure 3.2 shows the 
locations for 10 proposed sampling locations. In addition, a minimum of three samples 
will be collected from background or uncontaminated downgradient locations for total 
organic carbon (TOC) analysis. These sampling locations will be determined by the field 
scientist based on field data collected using the CPT. 

When soil samples are collected using the CPT, a Hoggen-Toggler® attachment for the 
CPT push rods will be used. A Hoggen-Toggler® sampler is a device used to collect 

undisturbed soil samples at any desired depth within the range of the driving apparatus. 
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The sampler is coupled to the penetrometer rod and pushed into the soil with the CPT 
truck. With the Hoggen-Toggler® cone in the closed position, soil is prevented from 
entering the sampling tube until the desired depth is achieved. When the sampler has 
been, pushed to the depth at which the soil sample is to be taken, the sampling unit is 
raised a few inches and the Hoggen-Toggler® apparatus is opened. The open Hoggen- 
Toggler® is then pushed to fill with soil, then pulled from the ground as quickly as 
possible. The Hoggen-Toggler® sampling apparatus allows collection of 8-inch-long by 
1-inch inside-diameter (ID) continuous samples. Recovery efficiencies for samples in 
saturated or sandy soils are often reduced, or the samples are compromised, because of 
spillage of the soil from the device after extraction. To mitigate this problem, soil 
samples will be compressed in situ with the penetrometer and Hoggen-Toggler 
assembly to expel the pore water before extraction. 

When the Hoggen-Toggler® sampling technique described above is ineffective or 
unable to efficiently provide sufficient soil volumes for the characterization of the site, 
soil samples will be obtained using a hand auger or similar method judged acceptable by 
the Parsons ES field scientist. Procedures will be modified, if necessary, to ensure good 
sample recovery. 

Recovered soil will be placed in analyte-appropriate sample containers (Appendix A) 
and shipped to an approved analytical laboratory for analysis of BTEX, TOC, moisture 
content, and TPH by the analytical methods listed in Table 3.1. The lithology of 
recovered soil will be recorded for comparison and correlation with CPT results. 

The Parsons ES field scientist will be responsible for observing all field investigation 
activities, maintaining a detailed descriptive log of all subsurface materials recovered 
during soil coring, photographing representative samples, and properly labeling and 
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storing samples. An example of the proposed geologic boring log form is presented in 
Figure 3.3. The descriptive log will contain the following information: 

• Sample interval (top and bottom depth); 

• Sample recovery; 

• Presence or absence of contamination based on visual observations, odor, and 
photoionization detector (PID) headspace measurements; 

• Lithologic description, including relative density, color, major textural 
constituents, minor constituents, porosity, relative moisture content, plasticity of 
fines, cohesiveness, grain size, structure or stratification, relative permeability, and 
any other significant observations; and 

• Depths of lithologic contacts and/or significant textural changes measured and 
recorded to the nearest 0.1 foot. 

3.1.3 CPT Locations and Datum Survey 

The horizontal location of all CPT/LIF testing locations relative to established Base 
coordinates will be measured by a licensed surveyor. Horizontal coordinates will be 
measured to the nearest 0.1 foot. The elevation of the ground surface will also be 
measured to the nearest 0.1 foot relative to a USGS msl datum. Sample location and 
other relevant site information for the soil cores collected for verification purposes will be 
recorded by the Parsons ES field scientist. 
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FIGURE 3.3 


NOTES SAMPLE TYPE 

bgs - Below Ground Surface q _ DRIVE 

GS - Ground Surface C - CORE 

TOC - Top of Casing G — GRAB 

NS — Not Sampled 

SAA - Same As Above W. Water level drilled 


GEOLOGIC BORING LOG 


BX Shoppette 
Intrinsic Remediation TS 
Eaker AFB, Arkansas 

parsons 

ENGINEERING SCIENCE, INC. 

Denver, Colorado 


K:\AFCEE\722450\24500019, 01/12/96 at 15:43 
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3.1.4 Site Restoration 


After sampling is complete, each CPT location will be restored as closely to its 
original condition as possible. Any test holes remaining open after extraction of the 
penetrometer rod will be sealed with hydrated bentonite chips, pellets, or grout to 
eliminate the creation or enhancement of contaminant migration pathways to the 
groundwater. Soil sampling using the CPT creates minor volumes of soil waste. The 
accumulated volume of soil waste generated during field activities will be collected in 55- 
gallon drums or buckets and disposed of at the soil landfarm located on Base. 

3.1.5 Equipment Decontamination Procedures 

The CPT push rods will be cleaned with potable water using the US ACE CPT steam¬ 
cleaning system (rod cleaner) as the rods are withdrawn from the ground. A vacuum 
system located beneath the CPT truck will be used to recover rinseate. Use of this system 
results in nearly 100-percent recovery of steam-cleaning rinseate from the rod cleaner. 
Rinseate is generated only as the rods move past the cleaner, thereby minimizing liquid 
waste generation. Care will be taken not to apply the pressurized steam to the LIF 
module, which will be decontaminated by hand. Rinseate will be collected in 55-gallon 
drums. USACE personnel will arrange for final disposal of the containerized rinseate. 
US ACE personnel are responsible for sampling the contents of the drums to identify any 
hazardous constituents before the drums are transported to an appropriate disposal 
facility. Other downhole and sampling equipment will be decontaminated by steam 
cleaning or by the procedures specified in Section 3.3.2.1. 

Potable water to be used in CPT equipment cleaning, decontamination, or grouting 

will be obtained from one of the Base water supplies. Water use approval will be verified 

by contacting the appropriate facility personnel. The field scientist will make the final 
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determination as to the suitability of site water for these activities. Precautions will be 
taken to minimize any impact on the surrounding area that might result from 
decontamination operations. 

3.2 PERMANENT MONITORING POINT INSTALLATION 

To further characterize the hydrogeologic conditions of the shallow subsurface, up to 
12 groundwater monitoring points may be installed at the site to supplement the existing 
site monitoring wells. The following sections describe the proposed monitoring point 
locations and completion intervals, monitoring point installation, monitoring point 
development, and equipment decontamination procedures. 

3.2.1 Monitoring Point Locations and Completion Intervals 

The locations of 12 proposed groundwater monitoring points are identified for the BX 
Shoppette site on Figure 3.2. The proposed locations for the new monitoring points were 
determined from a review of data gathered during previous site activities. Monitoring 
point locations were selected to provide hydrogeologic data necessary for successful 
implementation of the Bioplume II model and to monitor potential fuel hydrocarbon 
migration from the site. Monitoring point locations were selected to define three aspects 
of the site: 1) the areal extent of residual and mobile LNAPL contamination, 2) the 
horizontal and vertical distribution of dissolved BTEX, and 3) the hydrogeology and 
groundwater flow direction at the site. The proposed locations shown on Figure 3.2 may 
be modified in the field as a result of encountered field conditions and acquired field data. 

Several shallow monitoring points are proposed to define the areal extent of 
contamination. Eight shallow monitoring points are proposed to be located east of the 
site to define the lateral extent of the dissolved contaminant migration. At least two deep 
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monitoring points will be located along the downgradient contaminant flow path to define 
the vertical extent of BTEX compounds. Another deep point will be placed adjacent to 
TW1105 to determine if any vertical migration of BTEX is occurring within the mobile 
LNAPL source area. The final proposed point will be located downgradient of the site 
near the intersection of the Arkansas and Third Street. Data from this monitoring point 
will provide additional information on electron acceptor concentrations and define the 
extent of the BTEX plume. 

Screened intervals for shallow monitoring points will extend from approximately 1 
foot above the water table to 2 feet below the water table. Deep points will be placed on 
the basis of lithology, or approximately 10 feet below the next shallowest monitoring 
point (in the absence of significant lithologic changes). All monitoring points will be 
installed with 1 meter of screen. The proposed screened intervals of 1 meter will help 
mitigate the dilution of water samples from potential vertical mixing of contaminated and 
uncontaminated groundwater in the monitoring point casing, and will give important 
information on the nature of vertical hydraulic gradients in the area. Adjustments of the 
depth and length of the screened interval of the monitoring points may be necessary in 
response to actual aquifer conditions and contaminant stratification identified during 
LIF/CPT testing. 

3.2.2 Monitoring Point Installation Procedures 

This section describes the procedures to be used for installation of new groundwater 
monitoring points. All new monitoring points will be constructed of 0.75-inch OD/O.5- 
inch ID polyvinyl chloride (PVC) casing placed with a CPT pushrod using equipment 
described in Section 3.1. 
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3.2.2.1 Pre-Placement Activities 

All necessary digging, drilling, and groundwater monitoring point installation permits 
will be obtained prior to mobilizing to the field. In addition, all utility lines will be 
located, and proposed drilling locations will be cleared prior to any intrusive activities. 
Responsibilities for these permits and clearances are discussed in Section 3.1.1. 

Water to be used in monitoring point installation and equipment cleaning will be 
obtained from one of the Base water supplies. Water use approval will be verified by 
contacting the appropriate facility personnel. The field scientist will make the final 
determination as to the suitability of water for these activities. 

3.2.2.2 Groundwater Monitoring Point Installation 

3.2.2.2.1 Monitoring Point Materials Decontamination 

Monitoring point completion materials will be inspected by the field scientist and 
determined to be clean and acceptable prior to use. If not factory sealed, casing, screen, 
and casing plugs and caps will be cleaned prior to use with a high-pressure, steam/hot- 
water cleaner using approved water. Materials that cannot be cleaned to the satisfaction 
of the field scientist will not be used. 

3.2.2.2.2 Monitoring Point Screen and Casing 

Groundwater monitoring points will be installed by attaching 0.75-inch OD/0.5-inch 
ID PVC casing and screen to a sacrificial tip and threading the casing/screen through the 
penetrometer pushrod. As the pushrod is pressed into the ground, new 0.75-inch OD/O.5- 
inch ID PVC casing will be continuously attached until the desired depth is reached and a 
fully cased monitoring point is created. Data collection devices such as CPT and LIF will 
not be used during monitoring point placement; however, a CPT test will be performed at 
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each monitoring point location prior to monitoring point placement in order to select 
desired screen depths. 

Monitoring point casing and screens will be constructed of flush-threaded, Schedule 
40 PVC. The screens will be factory slotted with 0.01-inch openings. Casing joints will 
not be glued. The PVC top cap for monitoring points completed at or below grade will 
not be vented in order to minimize the potential for surface water entering the point. 

The field scientist will verify and record the total depth of the monitoring point, the 
lengths of all casing sections, and the depth to the top of all monitoring point completion 
materials. All lengths and depths will be recorded to the nearest 0.1 foot. Monitoring 
point construction details will be noted on a Monitoring Point Installation Record form 
(Figure 3.4). This information will become part of the permanent field record for the site. 

3.2.2.3 Above-Grade and At-Grade Well Completion 

Each monitoring point will be completed with an at-grade protective cover. In areas 
where pavement is present, the at-grade cover will be cemented in place using concrete 
blended to the existing pavement; otherwise, a concrete pad will be installed around the 
monitoring point. The concrete immediately surrounding the monitoring point will be 
sloped gently away from the protective casing to facilitate runoff during precipitation 
events. 

3.2.2.4 Monitoring Point Development 

New monitoring points will be developed prior to sampling. Development removes 
sediment from inside the monitoring point casing and flushes fines from the portion of 
the formation adjacent to the monitoring point screen. 
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MONITORING POINT INSTALLATION RECORD 


EAKER AIR FORCE BASE 


JOB NAME c-rtr\L.r\ aai r\ onoL 

JOB NUMBER 722450.15 _INSTA 

DATUM ELEVATION _ 

DATUM FOR WATER LEVEL MEASUREMENT 

SCREEN DIAMETER & MATERIAL _ 

RISER DIAMETER & MATERIAL_ 

GRANULAR BACKFILL MATERIAL _ 

DRILLING METHOD _ 


INSTALLATION DATE 


_WELL NUMBER 

_LOCATION_ 

GROUND SURFACE ELEVATION _ 


_SLOT SIZE. 

BOREHOLE DIAMETER_ 

ES REPRESENTATIVE_ 

DRILLING CONTRACTOR _ 


GROUND SURFACE 


CONCRETE 




THREADED COUPLING 


■VENTED CAP 
-COVER 




LENGTH OF SOLID 
RISER:- 


SOLID RISER 


LENGTH OF 
SCREEN: 


TOTAL DEPTH 
OF MONITORING 
POINT:_ 


SCREEN 


SCREEN SLOT 
SIZE: 0.01” 


LENGTH OF BACKFILLED 
BOREHOLE: 

BACKFILLED WITH:_ 


NOT TO SCALE 


FIGURE 3.4 

MONITORING POINT 
INSTALLATION RECORD 


STABILIZED WATER LEVEL 
BELOW DATUM. 


BX Shoppette 
Intrinsic Remediation TS 
Eaker AFB, Arkansas 


PARSONS 

ENGINEERING SCIENCE, INC. 


Denver, Colorado 


K:\AFCEE\722450\24500020, 01/12/96 at 15:20 
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Monitoring point development will be accomplished using a peristaltic pump with 
dedicated tubing provided by Parsons ES. The pump tubing will be regularly lowered to 
the bottom of the monitoring point so that fines which have accumulated in the bottom 
are agitated and removed from the monitoring point. 

Development will be continued until a minimum 10 casing volumes of water has been 
removed from the monitoring point and until pH, temperature, specific conductivity, DO, 
and water clarity (turbidity) stabilize. If the water remains turbid, monitoring point 
development will continue until the turbidity of the water produced has been stable after 
the removal of several casing volumes. 

A monitoring point development record will be maintained for each point. The 
monitoring point development record will be completed in the field by the field scientist. 
Figure 3.5 is an example of the monitoring point development record. Development 
records will include: 

• Monitoring point number; 

• Date and time of development; 

• Development method; 

• Predevelopment water level and monitoring point depth; 

• Volume of water produced; 

• Description of water produced; 

• Postdevelopment water level and monitoring point depth; and 

• Field analytical measurements, including pH and specific conductivity. 
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Page_of_ 


Job Number: 722450.15 Job Name: AFCEE Natural Attenuation 

Location Eaker AFB - BX Shoppette by TH\MV _Date_ 


Well Number 


Pre-Development Information 


Water Level: 


Measurement Datum 


Time (Start):, 


Water Characteristics 

Color_ 

Odor: None 


Total Depth of Well:, 


_Clear Cloudy 
Moderate Strong 


Any Films or Immiscible Material _ 

pH_Temperature(°F °C)_ 

Specific Conductance(pS/cm)_ 


Interim Water Characteristics 


Gallons Removed 


Temperature (°F °C)_ 

Specific Conductance(pS/cm)_ 


Post-Development Information 

Water Level:_ 

Approximate Volume Removed: _ 

Water Characteristics 

Color_ 

Odor: None Weak 

Any Films or Immiscible Material 

pH_ 

Specific Conductance(yS/cm)_ 


Comments: 


Time (Finish):_ 

Total Depth of Well:, 


_Clear Cloudy 
Moderate Strong 


Temperature(°F °C)_ 


Sources: USGS, 1972. 


FIGURE 3.5 

MONITORING POINT 
DEVELOPMENT RECORD 

BX Shoppette 

Intrinsic Remediation TS 

Eaker AFB, Arkansas 
_______ 

ENGINEERING SCIENCE, INC. 

Denver, Colorado 
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Development waters from monitoring points will be collected in buckets at the site 
because low volumes of purge water are expected. Samples of the development water 
will be collected in 500- to 1,000-milliliter (mL) plastic or glass jars that are capped with 
foil and set at ambient temperatures for 15 minutes. A headspace reading of the 
development water sample will be taken with an organic vapor meter (OVM). 
Development water with a headspace reading less than 5 parts per million, volume 
(ppmv) will be released on the ground surface at the site. Development waters with 
organic vapor headspace readings above 5 ppmv will be collected and transported to the 
on-base landfarm for disposal. 

3.2.2.5 Water Level Measurements 

Water levels at existing monitoring wells and newly installed monitoring points will 
be measured within a short time period so that the water level data are comparable. The 
depth to water below the measurement datum will be measured to the nearest 0.01 foot 
using an electric water level probe. 

3.2.2.6 Monitoring Point Location and Datum Survey 

The location and elevation of the new monitoring points will be surveyed soon after 
point completion. The horizontal location will be measured relative to established Base 
coordinates. Horizontal coordinates will be measured to the nearest 0.1 foot. The 
elevation of the ground surface adjacent to the monitoring point casing and the 
measurement datum elevation (top of PVC casing) will be measured relative to the USGS 
msl datum. The ground surface elevation will be measured to the nearest 0.1 foot and the 
measurement datum, outer casing, and surveyor's pin (if present) elevation will be 
measured to the nearest 0.01 foot. 
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3.2.3 Site Restoration 


After monitoring point installation and sampling is complete, each site will be restored 
around the finished monitoring point as closely as possible to its original condition. Both 
clean and contaminated development waters and sampling purge waters will be stored in 
55-gallon drums or buckets. Development water will be disposed of as specified in 
Section 3.2.2.4. 

3.3 GROUNDWATER SAMPLING 

This section describes the scope of work required for collection of groundwater quality 
samples at existing groundwater monitoring wells, monitoring points, and well points. 
This section also details grab-sampling using peristaltic pumps inserted into the probe 
rods themselves to obtain single, discrete groundwater samples, if required. All 
groundwater samples will be obtained using a peristaltic pump and dedicated high- 
density polyethylene tubing (HDPE) where groundwater levels permit. In order to 
maintain a high degree of QC during this sampling event, the procedures described in the 
following sections will be followed. 

Sampling will be conducted by qualified scientists and technicians trained in the 
conduct of groundwater sampling, records documentation, and chain-of-custody 
procedures. In addition, sampling personnel will have thoroughly reviewed this work 
plan prior to sample acquisition and will have a copy of the work plan available on site 
for reference. 

The following list summarizes the activities that will occur during groundwater 
sampling: 

• Assembly and preparation of equipment and supplies; 
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• Inspection of the monitoring well or monitoring point integrity including: 

- Protective cover, cap, and lock, 

- External surface seal and pad, 

- Monitoring point ca, and datum reference, and 

- Internal surface seal; 

• Groundwater sampling, including 

- Water level and product thickness measurements, 

- Visual inspection of sample water, 

- Monitoring point casing evacuation, and 

- Sample collection; 

• Sample preservation and shipment, including 

- Sample preparation, 

- Onsite measurement of physical parameters, and 

- Sample labeling; 

• Completion of sampling records: and 

• Sample disposition. 

Detailed groundwater sampling and sample handling procedures are presented 
following sections. 
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3.3.1 Groundwater Sampling Strategy 

Groundwater samples will be collected from previously installed monitoring wells and 
from monitoring points installed during this project. The existing wells and proposed 
monitoring point locations for sampling are identified in the following sections. 

With the exception of wells TW1114 and TW1115, existing monitoring wells 
TW1101 through MW1128 will be sampled. At monitoring wells MW1124, MW1125, 
MW1126, MW1127, and MW1128, groundwater samples will be collected from the 
medium-grained sand unit located approximately 26 feet bgs. Shallow groundwater 
samples will be collected from the remaining wells. In addition, samples will be 
collected from the newly installed monitoring points. 

3.3.2 Preparation for Sampling 

All equipment to be used for sampling will be assembled and properly cleaned and 
calibrated (if required) prior to arriving in the field. In addition, all record-keeping 
materials will be gathered prior to leaving the office. 

3.3.2.1 Equipment Cleaning 

All portions of sampling and test equipment that will contact the sample matrix will be 
thoroughly cleaned before each use. This includes the CPT rods, water level probe and 
cable, lifting line, test equipment for onsite use, and other equipment or portions thereof 
that will contact the samples. Based on the types of sample analyses to be conducted, the 
following cleaning protocol will be used: 

• Wash with potable water and phosphate-free laboratory detergent (HP-II detergent 
solutions, as appropriate); 

• Rinse with potable water; 
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• Rinse with distilled or deionized water; 


• Rinse with isopropyl alcohol; and, 

• Air dry the equipment prior to use. 

Any deviations from these procedures will be documented in the field scientist's field 
notebook and on the Groundwater Sampling Record (Figure 3.6). 

If precleaned disposable sampling equipment is used, the cleaning protocol specified 
above will not be required. Laboratory-supplied sample containers will be cleaned and 
sealed by the laboratory. The type of container provided and the method of container 
decontamination will be documented in the laboratory’s permanent record of the 
sampling event. 

3.3.2.2 Equipment Calibration 

As required, field analytical equipment will be calibrated according to the 
manufacturers’ specifications prior to field use. This applies to equipment used for onsite 
measurements of oxygen, carbon dioxide, pH, electrical conductivity, temperature, 
alkalinity, reduction/oxidation potential, sulfate, sulfide, nitrate, nitrite, ferrous iron 
(Fe 2+ ), total iron, ferric iron [Fe 3+ = (total iron) - Fe 2+ ], and manganese. 

3.3.3 Sampling Procedures 

Special care will be taken to prevent contamination of the groundwater and extracted 
samples. The two primary ways in which sample contamination can occur are through 
contact with improperly cleaned equipment and through cross-contamination due to 
insufficient cleaning of equipment between wells and monitoring points. To prevent such 
contamination, the water level probe and cable used to determine static water levels and 
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SAMPLING LOCATION Eaker AFB - BX Shoppette 
SAMPLING DATE(S)_ 


GROUND WATER SAMPLING RECORD - MONITORING WELL- 

REASON FOR SAMPLING: [ ] Regular Sampling; [ ] Special Sampling; 

DATE AND TIME OF SAMPLING:_, 1996_am./p.m. 

SAMPLE COLLECTED BY: TH\MV _of __ 

WEATHER:____ 

DATUM FOR WATER DEPTH MEASUREMENT (Describe):_ 


(number) 


MONITORING WELL CONDITION: 

[ ] LOCKED: [ ] UNLOCKED 

WELL NUMBER (IS - IS NOT) APPARENT 

STEEL CASING CONDITION IS:___ 

INNER PVC CASING CONDITION IS:___ 

WATER DEPTH MEASUREMENT DATUM (IS - IS NOT) APPARENT 
[ ] DEFICIENCIES CORRECTED BY SAMPLE COLLECTOR 
[ ] MONITORING WELL REQUIRED REPAIR (describe):_ 


Check-off 

1 [ ] EQUIPMENT CLEANED BEFORE USE WITH. 

Items Cleaned (List):_ 


2 [ ] PRODUCT DEPTH____FT. BELOW DATUM 

Measured with:_______ 

WATER DEPTH_____FT. BELOW DATUM 

Measured with:_______ 

3 [ ] WATER-CONDITION BEFORE WELL EVACUATION (Describe): 

Appearance: ___—- 

Odor:___-_—- 

Other Comments:_____ 

4 [ ] WELL EVACUATION: 

Method:___.___ 

Volume Removed:.___—- 

Observations: Water (slightly - very) cloudy 

Water level (rose - fell - no change) 

Water odors: ___ 

Other comments:____ 



FIGURE 3.6 


GROUNDWATER 

SAMPLING RECORD 


BX Shoppette 

Intrinsic Remediation TS 

Eaker AFB, Arkansas 


PARSONS 

ENGINEERING SCIENCE, INC. | 

- 

Denver,-Colorado | 
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5[ ] 


6 [ ] 


Monitoring Well No._(Cont'd) 

SAMPLE EXTRACTION METHOD: 


[ ] Bailer made of:_ 

[ ] Pump, type:_ 

[ ] Other, describe:_ __ 

Sample obtained is [ ] GRAB; [ ] COMPOSITE SAMPLE 


ON-SITE MEASUREMENTS: 

Temp:_ 

pH:_ 

Conductivity:_ 

Dissolved Oxygen: 
Redox Potential: _ 

Salinity:_ 

Nitrate:_ 

Sulfate:_ 

Ferrous Iron:_ 

Other:_ 


Measured with:. 
Measured with:. 
Measured with:. 
Measured with:. 
Measured with:. 
Measured with:. 
Measured with:. 
Measured with:. 
Measured with:. 


7 [ ] SAMPLE CONTAINERS (material, number, size):. 


8 [ ] 


ON-SITE SAMPLE TREATMENT: 

[ ] Filtration: Method__ Containers:. 

Method__ Containers:. 

Method__ Containers:. 

[ ) Preservatives added: 


Method, 

Method, 

Method. 

Method. 


Containers:, 

Containers:. 

Containers:. 

Containers:. 


9 [ ] CONTAINER HANDLING: 

[ ] Container Sides Labeled 

( ] Container Lids Taped 

( ] Containers Placed in Ice Chest 

10 [ ] OTHER COMMENTS: _ 



FIGURE 3.6 (Concluded) 


GROUNDWATER 

SAMPLING RECORD 


BX Shoppette 

Intrinsic Remediation TS 


Eaker AFB, Arkansas 


PARSONS 

ENGINEERING SCIENCE, INC. 


Denver, Colorado 
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total well depths will be thoroughly cleaned before and after field use and between uses at 
different sampling locations according to the procedures presented in Section 3.3.2.1. In 
addition to the use of properly cleaned equipment, dedicated HDPE tubing will be used at 
each sampling point, and a clean pair of new, disposable nitrile or latex gloves will be 
worn each time a different well or monitoring point is sampled. The following 
paragraphs present the procedures to be followed for groundwater sample collection from 
groundwater monitoring wells and monitoring points. These activities will be performed 
in the order presented below. Exceptions to this procedure will be noted in the sampler's 
field notebook and the groundwater sampling form. 

3.3.3.1 Preparation of Location 

Prior to starting the sampling procedure, the area around the existing wells and new 
monitoring points will be cleared of foreign materials, such as brush, rocks, and debris. 
These procedures will prevent sampling equipment from inadvertently contacting debris 
around the monitoring well/point. 

3.3.3.2 Water Level and Total Depth Measurements 

Prior to removing any water from the monitoring well or monitoring point, the static 
water level will be measured. An electric water level probe will be used to measure the 
depth to groundwater below the datum to the nearest 0.01 foot. After measuring the static 
water level, the water level probe will be slowly lowered to the bottom of the monitoring 
well/point, and the depth will be measured to the nearest 0.01 foot. Based on these 
measurements, the volume of water to be purged from the monitoring well/point will be 
calculated. If mobile LNAPL is encountered, the thickness of the LNAPL layer will be 
measured. 
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3 . 33.3 Purging Before Sampling 


The volume of water contained within the monitoring well/monitoring point casing at 
the time of sampling will be calculated, and three times the calculated volume will be 
removed from the well/monitoring point. Clean and contaminated purge waters will be 
stored in 55-gallon drums or buckets. Water with a headspace reading less than 5 ppmv 
will be redistributed on the ground surface at the site. Water with headspace readings 
above 5 ppmv will be collected and transported to the on-Base landfarm for disposal 

If a monitoring well/monitoring point is evacuated to a dry state during purging, the 
monitoring well/monitoring point will be allowed to recharge, and the sample will be 
collected as soon as sufficient water is present in the monitoring well or monitoring point 
to obtain the necessary sample quantity. Sample compositing or sampling over a lengthy 
period by accumulating small volumes of water at different times to obtain a sample of 
sufficient volume will not be allowed. 

3.3.3.4 Sample Extraction 

HDPE tubing and a peristaltic pump will be used to extract groundwater samples from 
the monitoring wells and well points. The tubing will be lowered through the well and 
0.75-inch-outside diameter PVC monitoring point casing into the water gently to prevent 
splashing. The sample will be transferred directly into the appropriate sample container. 
The water will be carefully poured down the inner walls of the sample bottle to minimize 
aeration of the sample. 
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Unless other instructions are given by the analytical laboratory, sample containers 
will be completely filled so that no air space remains in the container. Excess water 
collected during sampling will be placed into 55-gallon drums used for monitoring 
well/monitoring point purge waters and transported for disposal by Base personnel to 
the on-Base facilities 

3.3.4 Onsite Groundwater Parameter Measurement 

As indicated on Table 3.1, many of the groundwater chemical parameters will be 
measured onsite by Parsons ES personnel. Some of the measurements will be made with 
direct-reading meters, while others will be made using of a Hach portable colorimeter 
in accordance with specific Hach® analytical procedures. These procedures will be 
described in the following subsections. 

All glassware or plasticware used in the analyses will have been cleaned prior to 
sample collection by thoroughly washing with a solution of Alconox® and water, and 
rinsing with deionized water and ethanol to prevent interference or cross contamination 
between measurements. If concentrations of an analyte are above the range detectable by 
the titrimetric method, the analysis will be repeated by diluting the groundwater sample 
with double-distilled water until the analyte concentration falls to a level within the range 
of the method. All rinseate and sample reagents accumulated during groundwater 
analysis will be collected in glass containers fitted with screw caps. These waste 
containers will be clearly labeled as to their contents and carefully stored for later transfer 
by Base personnel to the approved disposal facility. 

3.3.4.1 Dissolved Oxygen (DO) Measurements 

DO measurements will be made using a meter with a downhole oxygen sensor or a 
sensor in a flow-through cell. Measurements will be taken before and immediately 
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following groundwater sample acquisition. When DO measurements are taken in 
monitoring wells/points that have not yet been sampled, the existing monitoring 
wells/points will be purged until DO levels stabilize. DO measurements will be recorded 
on the groundwater sampling record (Figure 3.6) 

3.3.4.2 pH, Temperature, and Specific Conductance 

Because the pH, temperature, and specific conductance of a groundwater sample can 
change significantly within a short time following sample acquisition, these parameters 
will be measured in the field in unfiltered, unpreserved, "fresh" water collected by the 
same technique as the samples taken for laboratory analyses. The measurements will be 
made in a clean glass container separate from those intended for laboratory analysis, and 
the measured values will be recorded in the groundwater sampling record (Figure 3.6). 

3.3.4.3 Carbon Dioxide Measurements 

Carbon dioxide (C0 2 ) concentrations in groundwater will be measured in the field by 
experienced Parsons ES scientists via titrimetric analysis using CHEMetrics Method 
4500 (0 to 250 mg/L as C0 2 ). Sample preparation and disposal procedures are the same 
as outlined at the beginning of Section 3.3.4. 

3.3.4.4 Alkalinity Measurements 

Alkalinity in groundwater helps buffer the groundwater system against acids generated 
through both aerobic and anaerobic biodegradation processes. Alkalinity of the 
groundwater sample will be measured in the field by experienced Parsons ES scientists 
via titrimetric analysis using USEPA-approved Hach® Method 8221 (0 to 5,000 mg/L as 
calcium carbonate). 
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3.3.4.5 Nitrate- and Nitrite-Nitrogen Measurements 


Nitrate-nitrogen concentrations are of interest because nitrate can act as an electron 
acceptor during hydrocarbon biodegradation under anaerobic soil or groundwater 
conditions. Nitrate-nitrogen is also a potential nitrogen source for hydrocarbon¬ 
degrading bacteria biomass formation. Nitrite-nitrogen is an intermediate byproduct in 
both ammonia nitrification and in nitrate reduction in anaerobic environments. 

Nitrate- and nitrite-nitrogen concentrations in groundwater will be measured in the 
field by experienced Parsons ES scientists via colorimetric analysis using a Hach 
DR/700 Portable Colorimeter. Nitrate concentrations in groundwater samples will be 
analyzed after preparation with Hach® Method 8039 (0 to 30.0 mg/L nitrate). Nitrite 
concentrations in groundwater samples will be analyzed after preparation with USEPA- 
approved Hach® Method 8507 (0 to 0.35 mg/L nitrite). 

3.3.4.6 Sulfate and Sulfide Sulfur Measurements 

Sulfate in groundwater is a potential electron acceptor for fuel-hydrocarbon 
biodegradation in anaerobic environments, and sulfide is resultant after sulfate reduction. 
The Parsons ES scientist will measure sulfate and sulfide concentrations via colorimetric 
analysis with a Hach® DR/700 Portable Colorimeter after appropriate sample preparation. 
EPA-approved Hach® Methods 8051 (0 to 70.0 mg/L sulfate) and 8131 (0.60 mg/L 
sulfide) will be used to prepare samples and analyze sulfate and sulfide concentrations, 
respectively. 

3.3.4.7 Total Iron, Ferrous Iron, and Ferric Iron Measurements 

Iron is an important trace nutrient for bacterial growth, and different states of iron can 
affect the oxidation/reduction potential of the groundwater and act as an electron acceptor 
for biological metabolism under anaerobic conditions. Iron concentrations will be 
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measured in the field via colorimetric analysis with a Hach DR/700 Portable 
Colorimeter after appropriate sample preparation. Hach® Method 8008 for total soluble 
iron (0 to 3.0 mg/L ferric + ferrous iron) and Hach® Method 8146 for ferrous iron (0 to 
3.0 mg/L) will be used to prepare and quantitate the samples. Ferric iron will be 
quantitated by subtracting ferrous iron levels from total iron levels. 

3.3.4.8 Manganese Measurements 

Manganese is a potential electron acceptor under anaerobic environments. Manganese 
concentrations will be quantitated in the field using colorimetric analysis with a Hach 
DR/700 Portable Colorimeter. EPA-approved Hach® Method 8034 (0 to 20.0 mg/L) will 
be used to prepare the samples for quantitation of manganese concentrations. Sample 
preparation and disposal procedures are outlined earlier in Section 3.3.4. 

3.3.4.9 Reduction/Oxidation Potential 

The reduction/oxidation (redox) potential of groundwater is an indicator of the relative 
tendency of a solution to accept or transfer electrons. Redox reactions in groundwater are 
usually biologically mediated; therefore, the redox potential of a groundwater system 
depends upon and influences rates of biodegradation. Redox potential can be used to 
provide real time data on the location of the contaminant plume, especially in areas 
undergoing anaerobic biodegradation. The redox potential of a groundwater sample taken 
inside the contaminant plume should have a redox potential somewhat less than that taken 
in the upgradient location. 

The redox potential of a groundwater sample can change significantly within a short 
time following sample acquisition and exposure to atmospheric oxygen. As a result, this 
parameter will be measured in the field in unfiltered, unpreserved, "fresh" water collected 
by the same technique as the samples taken for laboratory analyses. The measurements 
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will be made as quickly as possible in a clean glass container separate from those 
intended for laboratory analysis. 

3.3.5 Handling of Samples for Laboratory Analysis 

This section describes the procedures for sample handling from the time of sampling 
until the samples arrive at the laboratory. 

3.3.5.1 Sample Preservation 

The analytical laboratory support personnel will add any necessary chemical 
preservatives prior to shipping the containers to the site. Samples will be prepared for 
transportation to the analytical laboratory by placing the samples in a cooler containing 
ice to maintain a shipping temperature of approximately 4 degrees centigrade (°C). 
Samples will be delivered to the analytical laboratory via overnight courier so that all 
sample holding times are met. 

3.3.5.2 Sample Container and Labels 

Sample containers and appropriate container lids will be provided by the analytical 
laboratory (see Appendix A). The sample containers will be filled as described in Section 
33.3.2.4, and the container lids will be tightly closed. The sample label will be firmly 
attached to the container side, and the following information will be legibly and indelibly 
written on the label: 

• Facility name; 

• Sample identification; 

• Sample type (e.g., groundwater); 

• Sampling date; 
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• Sampling time; 

• Preservatives added; 

• Sample collector's initials; and 

• Requested analyses. 

3.3.5.3 Sample Shipment 

After the samples are sealed and labeled, they will be packaged for transport to the 
mobile laboratory. The following packaging and labeling procedures will be followed: 

• Package sample so that it will not leak, spill, or vaporize from its 
container; 

• Cushion samples to avoid breakage; and 

• Add ice to container to keep samples cool. 

The packaged samples will be delivered by overnight courier to the analytical 
laboratory. Delivery will occur as soon as possible after sample acquisition. 

3.3.5.4 Chain-of-Custody Control 

After the samples have been collected, chain-of-custody procedures will be followed 
to establish a written record of sample handling and movement between the sampling site 
and the analytical laboratory. Each shipping container will have a chain-of-custody form 
completed in triplicate by the sampling personnel. One copy of this form will be kept by 
the sampling contractor after sample delivery to the analytical laboratory, and the other 
two copies will be retained at the laboratory. One of the laboratory copies will become a 
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part of the permanent record for the sample and will be returned with the sample 
analytical results. The chain-of-custody will contain the following information: 

• Sample identification number; 

• Sample collectors’ printed names and signatures; 

• Date and time of collection; 

• Place and address of collection; 

• Sample matrix; 

• Chemical preservatives added; 

• Analyses requested; 

• Signatures of individuals involved in the chain of possession; and 

• Inclusive dates of possession 

The chain-of custody documentation will be placed inside the shipping container so 
that it will be immediately apparent to the laboratory personnel receiving the container, 
but will not be damaged or lost during transport. The shipping container will be sealed so 
that it will be obvious if the seal has been tampered with or broken. 

3.3.5.5 Sampling Records 

In order to provide complete documentation of the sampling event, detailed records 
will be maintained by the field scientist. At a minimum, these records will include the 
following information: 
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Sample location (facility name); 


• Sample identification; 

• Sample location map or detailed sketch; 

• Date and time of sampling; 

• Sampling method; 

• Field observations of 
Sample appearance, and 
Sample odor; 

• Weather conditions; 

• Water level prior to purging; 

• Total monitoring well/monitoring point depth; 

• Purge volume; 

• Water level after purging; 

• Monitoring well/point condition; 

• Sampler's identification; 

• Field measurements of pH, temperature, DO, and specific 
conductivity; and 

• Any other relevant information. 
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Groundwater sampling information will be recorded on a groundwater sampling form. 
Figure 3.6 shows an example of the groundwater sampling record. 

3.3.6 Laboratory Analyses 

Laboratory analyses will be performed on all groundwater samples and the QA/QC 
samples described in Section 5. The analytical methods for this sampling event are listed 
in Table 3.1. Prior to sampling, arrangements will be made with the analytical laboratory 
to provide a sufficient number of appropriate sample containers for the samples to be 
collected. All containers, preservatives, and shipping requirements will be consistent 
with USEPA protocol or those reported in Appendix A of this plan. 

Analytical laboratory support personnel will specify the necessary QC samples and 
prepare appropriate QC sample bottles. For samples requiring chemical preservation, 
preservatives will be added to containers by the laboratory prior to delivery to the site. 
Containers, ice chests with adequate padding, and cooling media may be sent by the 
laboratory to the site. Sampling personnel will fill the sample containers and return the 
samples to the laboratory. 

3.4 AQUIFER TESTING 

Aquifer Slug tests will be conducted on selected existing wells to estimate the 
hydraulic conductivity of unconsolidated sand and clay deposits at the site. This 
information is required to accurately estimate the velocity of groundwater and 
contaminants in the shallow saturated zone. A slug test is a single-well hydraulic test 
used to determine the hydraulic conductivity of an aquifer in the immediate vicinity of 
the tested well. Slug tests can be used for both confined and unconfmed aquifers that 
have a transmissivity of less than 7,000 square feet per day (ft 2 /day). Slug testing can be 
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performed using either a rising head or a falling head test; at this site, both methods will 
be used in sequence. 

3.4.1 Definitions 

• Hydraulic Conductivity (K). A quantitative measure of the ability of porous 
material to transmit water; defined as the volume of water that will flow through a 
unit cross-sectional area of porous or fractured material per unit time under a unit 
hydraulic gradient. 

• Transmissivity (T). A quantitative measure of the ability of an aquifer to transmit 
water. It is the product of the hydraulic conductivity and the saturated thickness. 

• Slug Test. Two types of testing are possible: rising head and falling head tests. A 
slug test consists of adding a slug of water or a solid cylinder of known volume to 
the well to be tested or removing a known volume of water or cylinder and 
measuring the rate of recovery of water level inside the well. The slug of a known 
volume acts to raise or lower the water level in the well. 

• Rising Head Test. A test used in an individual well within the saturated zone to 
estimate the hydraulic conductivity of the surrounding formation by lowering the 
water level in the well and measuring the rate of recovery of the water level. The 
water level may be lowered by pumping, bailing, or removing a submerged slug 
from the well. 

• Falling Head Test. A test used in an individual well to estimate the hydraulic 
conductivity of the surrounding formation by raising the water level in the well by 
insertion of a slug or quantity of water, and then measuring the rate of drop in the 
water level. 
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3.4.2 Equipment 


The following equipment will be used to conduct a slug test: 

• Teflon®, PVC, or metal slugs; 

• Nylon or polypropylene rope; 

• Electric water level indicator; 

• Pressure transducer/sensor; 

• Field logbook/forms; and 

• Automatic data recording instrument (such as the Hermit Environmental Data 
Logger®, In-Situ, Inc. Model SE1000B, or equivalent). 

3.4.3 General Test Methods 

Aquifer hydraulic conductivity tests (slug tests) are accomplished by either removal of 
a slug or quantity of water (rising head) or introduction of a slug (falling head), and then 
allowing the water level to stabilize while taking water level measurements at closely 
spaced time intervals. 

Because hydraulic testing will be completed on existing wells, it will be assumed that 
the wells were properly developed and that water levels have stabilized. Slug testing will 
proceed only after multiple submerged pressure transducer measurements over time show 
that static water levels are in equilibrium. During the slug test, the water level change 
should be influenced only by the introduction (or removal) of the slug volume. Other 
factors, such as inadequate well development or extended pumping may lead to 
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inaccurate results; slug tests will not be performed on wells with free product. The field 
scientist will determine when static equilibrium has been reached in the well. The 
pressure transducer, slugs, and any other downhole equipment will be decontaminated 
prior to and immediately after the performance of each slug test using the procedures 
described in Section 3.3.2.1. 

3.4.4 Falling Head Test 

The falling head test is the first step in the two-step slug-testing procedure. The 
following steps describe procedures to be followed during performance of the falling 
head test. 

1. Decontaminate all downhole equipment prior to initiating the test. 

2. Open the well. Where wells are equipped with water-tight caps, the well should 

be unsealed at least 24 hours prior to testing to allow the water level to stabilize. 

The protective casing will remain locked during this time to prevent vandalism. 

3. Prepare the Aquifer Slug Test Data Form (Figure 3.7) with entries for: 

• Borehole/well number, 

• Project number, 

• Project name, 

• Aquifer testing team, 

• Climatic data, 

• Ground surface elevation, 
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Location Fairer AFB - BX Shoppette Clien t AFCHH ___ Well No. 

Job No. 722450.15 _ Field Scientis t MV\TH _Date_ 

Water T eve l Total Well 

Dept h ___:_ 

Measuring Datum__ Elevation of Datum__ 

Weather____ Temp--- 

Comments___ 



FIGURE 3.7 


AQUIFER TEST 
DATA FORM 

BX Shoppette 
Intrinsic Remediation TS 
Eaker AFB, Arkansas 

PARSONS 

ENGINEERING SCIENCE, INC. 

Denver, Colorado 
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Top of well casing elevation, 




• Identification of measuring equipment being used, 

• Page number, 

• Static water level, and 

• Date. 

4. Measure the static water level in the well to the nearest 0.01 foot. 

5. Lower the decontaminated pressure transducer into the well and allow the 
displaced water to return to its static level. This can be determined by periodic 
water level measurements until the static water level in the well is within 0.01 foot 
of the original static water level or the submerged pressure-transducer indicates no 
pressure changes (indicating equilibrium). 

6. Lower the decontaminated slug into the well to just above the water level in the 
well. 

7. Turn on the data logger and quickly lower the slug below the water table, being 
careful not to disturb the pressure transducer. Follow the owner’s manual for 
proper operation of the data logger. 

8. Terminate data recording when the water level stabilizes in the well. The well 
will be considered stabilized for termination purposes when it has recovered 80 to 
90 percent from the initial slug. 
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3.4.5 Rising Head Test 


After completion of the falling head test, the rising head test will be performed. The 
following steps describe the rising-head slug test procedure. 

1. Measure the water level in the well to the nearest 0.01 foot to ensure that it has 
returned to the static water level. 

2. Initiate data recording and quickly withdraw the slug from the well. Follow the 
owner’s manual for proper operation of the data logger. 

3. Terminate data recording when the water level stabilizes in the well, and remove 
the pressure transducer from the well and decontaminate. The well will be 
considered stabilized for termination purposes when it has recovered 80 to 90 
percent from the initial slug. 

3.4.6 Slug Test Data Analysis 

Data obtained during slug testing will be analyzed using AQTESOLV™ and the 
method of Hvorslev (1951) for confined aquifers or the method of Bouwer and Rice 
(1976) and Bouwer (1989) for unconfined conditions. 
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SECTION 4 


REMEDIAL OPTION EVALUATION AND TS REPORT 

Upon completion of field work, numerical and analytical groundwater models will be 
used to determine the fate and transport of fuel hydrocarbons dissolved in groundwater at 
the site. Based upon model predictions of contaminant concentration and distribution 
through time, and upon potential receptor exposure pathways, the potential risk to human 
health and the environment will be assessed. If it is shown that intrinsic remediation of 
BTEX compounds at the sites is sufficient to reduce the potential risk to human health 
and the environment to acceptable levels, Parsons ES will recommend implementation of 
the intrinsic remediation option. If intrinsic remediation is chosen, Parsons ES will 
prepare site-specific, long-term monitoring plans that will specify the location of point- 
of-compliance monitoring wells and sampling frequencies. 

If the intrinsic remediation remedial option is deemed inappropriate for use at this site, 
institutional controls such as groundwater or land use restrictions will be evaluated to 
determine if they will be sufficient to reduce the risk to human health and the 
environment to acceptable levels. If institutional controls are inappropriate, remedial 
options which could reduce risks to acceptable levels will be evaluated and the most 
appropriate remedial options will be recommended. Potential remedial options include, 
but are not limited to, mobile LNAPL recovery, groundwater pump-and-treat, enhanced 
biological treatment, bioventing, air sparging, and in situ reactive barrier walls. The 
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reduction in dissolved BTEX that should result from remedial activities will be used to 
produce new input files for the groundwater models. The models will then be used to 
predict the BTEX plume (and risk) reduction that should result from remedial actions. 

Upon completion of modeling and remedial option selection, a TS report detailing the 
results of the modeling and remedial option selection will be prepared. This report will 
follow the outline presented in Table 4.1 and will contain an introduction, site 
description, identification of remediation objectives, description of remediation 
alternatives, an analysis of remediation alternatives, and the recommended remedial 
approach for the site. This report will also contain the results of the site characterization 
activities described herein and a description of the models developed for the site. 
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TABLE 4.1 

EXAMPLE TS REPORT OUTLINE 
BX SHOPPETTE 
INTRINSIC REMEDIATION TS 
BAKER AFB, ARKANSAS 


INTRODUCTION 

Scope and Objectives 
Site Background 

SITE CHARACTERIZATION ACTIVITIES 

Sampling and Aquifer Testing Procedures 

PHYSICAL CHARACTERISTICS OF THE STUDY AREA 
Surface Features 

Regional Geology and Hydrogeology 
Site Geology and Hydrogeology 
Climatological Characteristics 

NATURE AND EXTENT OF CONTAMINATION 
Source Characterization 
Soil Chemistry 

Residual Contamination 
Total Organic Carbon 
Ground Water Chemistry 

LNAPL Contamination 
Dissolved Contamination 
Ground Water Geochemistry 
Expressed Assimilative Capacity 

GROUND WATER MODEL 
Model Description 

Conceptual Model Design and Assumptions 

Initial Model Setup 

Model Calibration 

Sensitivity Analysis 

Model Results 

Conclusions 

COMPARATIVE ANALYSIS OF REMEDIAL ALTERNATIVES 
Remedial Alternative Evaluation Criteria 
Long-Term Effectiveness 
Implementability (Technical, Administrative) 

Cost (Capital, Operating, Present Worth) 

Factors Influencing Alternatives Development 
Program Objectives 
Contaminant Properties 
Site-Specific Conditions 
Brief Description of Remedial Alternatives 

Intrinsic Remediation with Long-Term Monitoring 
Other Alternatives 
Evaluation of Alternatives 

_Recommended Remedial Approach_ 
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TABLE 4.1 (Concluded) 
EXAMPLE TS REPORT OUTLINE 
BX SHOPPETTE 
INTRINSIC REMEDIATION TS 
EAKER AFB, ARKANSAS 


LONG-TERM MONITORING PLAN 
Overview 

Monitoring Networks 
Ground Water Sampling 

CONCLUSIONS AND RECOMMENDATIONS 

APPENDICES: Supporting Data and Documentation 

Site-Specific Bioplume II Model Input and Results 


L: \45015\workplan\text\table4-1. xls 


4-4 





SECTION 5 


QUALITY ASSURANCE/QUALITY CONTROL 

Field QA/QC procedures will include collection of field replicates and duplicates and 
rinseate, field and trip blanks; decontamination of all equipment that contacts the sample 
medium before and after each use; use of analyte-appropriate containers; and chain-of- 
custody procedures for sample handling and tracking. All samples to be transferred to the 
analytical laboratory for analysis will be clearly labeled to indicate sample number, 
location, matrix (e.g., groundwater), and analyses requested. Samples will be preserved 
in accordance with the analytical methods to be used, and water sample containers will be 
packaged in coolers with ice to maintain a temperature of as close to 4°C as possible. 

All field sampling activities will be recorded in a bound, sequentially paginated field 
notebook in permanent ink. All sample collection entries will include the date, time, 
sample locations and numbers, notations of field observations, and the sampler's name 
and signature. Field QC samples will be collected in accordance with the program 
described below, and as summarized in Table 5.1. 

QA/QC sampling will include collection and analysis of duplicate groundwater and 
replicate soil samples, rinseate blanks, field/trip blanks, and matrix spike samples. 
Internal laboratory QC analyses will involve the analysis of laboratory control samples 
(LCSs) and laboratory method blanks (LMBs). QA/QC objectives for each of these 

samples, blanks, and spikes are described below. 
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QA/QC SAMPLING PROGRAM 
BX SHOPPETTE 
INTRINSIC REMEDIATION TS 
EAKER AFB, ARKANSAS 
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Only one rinseate sample will be collected at the site because dedicated tubing will 
eliminate the potential for cross-contamination due to improper decontamination of 
sampling tubing. Rinseate samples will consist of a sample of distilled water poured into 
or pulled through decontaminated or new sampling equipment and subsequently 
transferred into a sample container provided by the laboratory. Rinseate samples will be 
analyzed for VOCs only. 

A field blank will be collected to assess the effects of ambient conditions in the field. 
The field blank will consist of a sample of distilled water poured into a laboratory- 
supplied sample container while sampling activities are underway. The field blank will 
be analyzed for VOCs. 

A trip blank will be analyzed to assess the effects of ambient conditions on sampling 
results during the transportation of samples. The trip blank will be prepared by the 
laboratory. A trip blank will be transported inside each cooler which contains samples 
for VOC analysis. Trip blanks will be analyzed for VOCs. 

Matrix spikes will be prepared in the laboratory and used to establish matrix effects for 
samples analyzed for VOCs. LCSs and LMBs also will be prepared internally by the 
laboratory and will be analyzed each day that samples from the site are analyzed. 
Samples will be reanalyzed in cases where the LCS or LMB are out of the control limits. 
Control charts for LCSs and LMBs will be developed by the laboratory and monitored for 
the analytical methods used. 
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CONTAINERS, PRESERVATIVES, PACKAGING, AND SHIPPING 


REQUIREMENTS FOR GROUNDWATER SAMPLES 
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APPENDIX B - 1A 
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BX SHOPPETTE 

Source: Halliburton NUS 1992, 1994, and 1995. 
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upon 

drvtnej j o an c.re 

-/'AfO 5 lor.Pj 

'ArHt-i I v hue) ’*} - 
pvocl^’f 

^VllfFCcl Uo|c — 
ppm*, i *v% a lc(f 
3 t 0 ' a-t <rnd 

day 

bac-W^lkd 

Put (.sam^ 

h U la ^ M 























Ho!. Ho. AD'bJj 


AO bV 


DRILLING LOG | MT0 _ 

I. project ^ A ... f, 

A CHS> 71 l )(r /AL! LAimi J tAj^nV- At b 


2. LOCATION (Coordinate* or Station) 

EAtfLy- ai ; . - Ge cr/i'in i ) 


J. DRILLING AGENCY 

cei-ip.r'.- £V-(•>&' _ 


4 . HOLE NO. (Am ihotw on drawing tltlm 
and Him number) Q fTw 


5. NAME OF DRILLER 

ft 06 £71 _. 

ft. DIRECTION OF HOLE 

Q VERTICAL QlNCLINCO ___ DEC. FROM VERT. 


7 . THICKNESS OF OVERBURDEN ■— _ 


ft. DEPTH ORILLEO INTO ROCK — __ 


». TOTAL DEPTH OF HOLE 


_ _ CLASSIFICATION OF MATERIALS 

ELEVATION DEPTH LEGEND (D 0mC ription) 


INSTALLATION 

_ /'!/ < __ 

10 . SIZE AND TYPE OF BIT \$ y /s\ ''aVC\Cr £?( 





14. TOTAL NUM BER CORE BOXES _ 

15. ELEVATION GROUND WATER KlOT & MCoUl^YX"\£.fcTD 



X CORE BOX OR REMARKS 

RECOV. SAMPLE (Drilling time, water loee, depth ot 
ERY NO. weathering, ate., II algnliieanO 


(F.u ) 


5u)oy cuty \ 

-\c.VHv Ffi, l 

pe.'Wo(e. u r*\ odor^ \ 

d 16 Vaaoujn I k. 1 

V STIFF To CTIFF^ rrtod 
to/ uj S <U< foCc«. 


— t 1^0 t/L\f cl uJ J 0 yc\ rtf-A 

V>rouJTt ^ (* Vizier 1*1 cot 

\/.STIFF 

£•0 



Ip" \v»v\cv VA'\ 

5,0 

P\fr-C £>.0 


S>»-Ty cusy to clv Svcr 
c^ra y «■ orwrx^e. r>vr)ujO 
. , 

noois+ ujeT suvTc»ce^ 

wVm W r<DoV V>ikiTi . 

s.Voc-'Wire 

.VJ/ fSvic. CCmd I 


- 0.0 ^UAtyiiOL 

(/•O-f/.S (? ) 



F rai < 



~7£ -K.o »4.t.ynC4u 


~i -k> $»h_ 

’37 o'. Ti. 


Nlo w;ATD'<! w l iioue: 

(p ^u). d*>Y) 

k»c£filUd uj/^ovirrclc 


EHG FORM 1836 PREVIOUS EDITIONS ARC OBSOLETE- 





















Hoi. Ho. 


DRILLING LOG 


I. PROJECT 

ArmSTeoiUy- Srxtcy ffAnpff ATE- 


2. LOCATION fCoo rdktmfm 


installation p £ 

10. SIZE AND TYPE OF BIT KV'M CAV'^'T 


S. DRILLING AGENCY . ^ , , 

IMce P^ fv 


fcM ^o&g rmvJiTP- 


0. DIRECTION OF HOLE 

Qvertical Qinclineo _ 


7. THICKNESS OF OVERBURDEN 


0 . DEPTH DRILLED INTO ROCK 


*. TOTAL DEPTH OF HOLE 


ELEVATION DEPTH LEGEND 


1J. TOTAL NO. OF OVER¬ 
BURDEN SAMPLES TAKEN 


UMDOTLJRRKO 


dig. from ver 


14. TOTAL NUMBER CORE BOXES ___ 

15. ELEVATION GROUND WATER NOT 

- I STARTED | COMPLETED ” 

o*te hole I ; /<? on ']£ 


17. ELEVATION TOP OF HOLE _ 


IB. TOTAL CORE RECOVERY FOR BORING 


CLASSIFICATION OF MATERIALS 
(Description) 


lCORE BOX OR _ REMARKS 

RECOV- SAMPLE (DrttJln* time, wter loot, depth ot 

CRY NO- wlhrring, mtc., U tlgnUlcmnO 


hio -floicl m liole on , 
2.0 ocX ‘ locrVWn 
•taCfcl B.l 
hole, hac L £"> l 

w/ covicv'rte _j 


flo ■ 

A I 


CftKiO 

r=tU? t 6 vt-'j lo Iff 

Pill M 


r/Liy uaY 


rnrr-, p *imp lo mvc^~h 

\jAPY' 6PA'S 


M>t£ ; ta pc 

Cti'-./tS or C{ ‘Y 
Am- $i i- 4* /ft d '<’//•.- 
/>kv;7r. f. o>/; 

bo'Ptorvi °n 

u) n\ri'iu) u.'^i 0*3' 
hr !o>s» s Ap/: w^• v• 

/ <? / «“l < 1 V fd ■f’YOy'A 

fr t n!e. 

Fi.d hi 


dt-A y^y s/^r 

med/uno, colvin.*~ 

/>i o/sf 

a' s->pun & f A / 

r 50 FT ^rv> 1 &?■/<» II >LTt> 

J VJ, - v __ 6 £ . 

siury ci-Ay 

so/yte ZAnl^' 

v.3r/rp 

hofsr 

[X'&n/.y + OY&riCf. brwn 
Sowt n?ntj srJm&U 
<P \ros\ nodt/|rs 

Cutter 

YJ/ f. CAW . C'V"/ ,iye 
<TffeC))£)* Q,'V/ >'/ 
li'Vl 5T4/V 1 

Kvio/ 57 * crirF - vsmn* ~J.y 
' cuy- t£.y Suer 

Srtrr- . i <otcr‘ . 

to/ 0 * P fty brn’-'A 

imortls-s 

CtA'/ey ffiuT 

cobfiive , ^fcnish z^y 

uct ei\{l 

-> ZdivrjlcJ) /V'fh-'V'l 


&. 0 .H 


■^3 /o V- S’ 

570' 


g. U\U.rm> ffintf' f hip 

-nun -■&. poshed 

S2 — » r 

, /.<p CwUitz 

c.r '<■’ n- c l abov-t OiZ 1 

beloio shot- 

£T:C. 4-7 


y FlcU, Tf’bW 

I o*p/-: 

Finn . 

— i /1 f! ’■ '*) 

u,o^- 


(probe K'l&y 

liL.. clipped i/Jhc'A , j \ 

r//i r) /rr/ 
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APPENDIX B - IB 


WELL INSTALLATION LOGS 
BX SHOPPETTE 

Source: Halliburton NUS 1992 and 1995. 





NUS 

_ CORPORATON 


FIELD WELL COMPLETION FORM [ \ Q\ 


jom 

3 i<^=iS 

PHOJ1CT 

UAHAGIH: 


LOGCIO 
■ T: 


KOI7KO 
■ Y: 

bfU 

WILL _ 

N AMI: | 

t\d 

- 

OATf; 

r >i 


COMPANY! 

lOUlfMCNT:, 


IsJlt INCH HOLLOW STEM AUGER 
_ INCH ROTARY WASH 

T«» * 

«h.ur«i JO O *0 £ 


DRILLCRt 




GALLONI OF WATIIV 

u»co DUWIWO OWILUM. JQ c> »U £ _ GALL 

MCTHOO or OCCONTAHINATION 

>..c.Too.,ui H g, <T7TkA 

DEVELOPMENT Seg ^ , P ; /feus ^ eMT 

«Shoo or 

ocvi^oriuNTi _ 

OtV KL^fMCNT ”™~ ™ 

BKOAN OAT■: rtMKi 


MOUR* , 
OHIU&.CO; I 

GALLONS 



YICLOi 

G*M 

TIMKi 

FROM 

TO 

a^rs* 

riKLOl 

\ 

GPM 

TIMS* 

i^ROM 

TO / 

OATIi 

Y1CL.D: 

GPM 

TtlNC: 

FROI^ 

a 

\ 

OATH: 

VIKLOt 

GPM 

/ 

if 

h IL 


OATS: 


TOTAL WATCH RCMOVID 
OURlNO OIVKLOPMCNT: 


OCSCRirTION , x 

2 ?KS'< 5 ? ,TY Oclear \ 

ocv.uo^.HT, /(jMOO. TURBIO 


ooor or 
WATCH: 

WATCH 
OtVCHAROKO 
TO* / 

/ 


□grouno surface 
□storm sewers 
□drums 


gallons 

□ slightly cloudy 

□ very muddy 


□ TANK TRUCK 

□ storage tank 

□ other _■> 


OfPTN TO WATCH 
AFTCH OCVCLOPMCNTt 


MATERIALS USED 

——SACKS OF ^Ct-S^AbO S»t-«C>x ~3t;/yo SANO 


~ 2c 


SACKS OF 

GALLONS OF GROUT USED Ca-trUwb TVPeX ^ 

SACKS OF POWOERED BENTONITE 

POUNDS OF BENTONITE PELLETS 

FEET OF INCH PVC BLANK CASING 



JaJCHRISTY BOX 
□ LOCKING STEEL COVER 

— __T^.INCH DIAMETER 
STEEL CONDUCTOR 
CASING 

to f—t 

— INCH OIAMETER 
BOREHOLE 

Q BENTONITE-CEMENT 
SEAL OR 

■Q 8-SACK CEMENT-SANO 
SEAL 


TOP OF CASING AT 
Q ,* . e f CT ABOVE AT 

CIelowerouno level 


*- -E-S. INCH OIAMETER 

BOREHOLE 

_ ti 0 — Q—:a -A (? I ft 

-^L£. INCH OIAMETER 

SCHEOULE 40 PVC 
8LANK CASING 

— in .2 *Wt 

—^JSENTONITE-CEMENT 

' 'seal or 

—Q 8-SACK CEMENT-SANO 
SEAL 

-BENTONITE PELLET 

SEAL 

»o-/t »ett 

_^tx-CiLvn;:. «mcA W 



SANO PACK . 

_2£.toJ2i£i„, 

* —i. 'NCH OIAMETER 
SLOTTED I 0 .QO 6 

S CR cc N ^ 

/ t> - 2 ?s. Z. t.,. 

* INCH OIAMETER 
SCHEOULE 40PVC 
BLANK SILT TRAP 

* BOTTOM WELL CAP 

■ HOLE CLEANED OUT TO 



OEREu 

- - ■ YARO^ CEMENT-SANO (REOI-MIXI USED 

CONCRETE PUMPER USEO? QNO DYES 
NAME___ 

WELL COVER USED: ,Q LOCKI NO STEEL COVER 
S6hristy BOX 
"□OTHER 



ADDITIONAL INFORMATION:_ 

P P nsXi al.s 

BcP 

6c»k)G- ( u ipjcu. yj 



















NUS 

mPIPORATlOrNl 


FIELD WELL COMPLETION FORM 


nam*i (5Y^El€72- AP-fe 

HUMHWi % _ 


LOOCCO 
• VJ 


COITCO 

■ r: 


r«o » —,, 
nr A 


WILL 

NAM«: r\Y/f 

OHIUL1NC ^ 

COMMNTt P 

COUIPMKNT: \ 


f\ UbPpQ( 

INC 


C ALLONt or WATER 
.USED DU NINO ONILUNAl 


method or occontanimation 
PHIOH TO Oftti.LIMa> 


INCH HOLLOW STEM AUGER \j, 

/ MOUNI 

□_ INCH ROTARY WASH omt^K\ 

CAUONIOFWATER \ | ^ K V ^ 

.USED DUNINO ORILLtNOi NJ O KJ ^ GALU 

L - m . -- - mm 

METHOD or DECONTAMINATION fi /? ff J % ^ _ 

pwiow to owicliwoi _ rt^cbSUa^: <lT"b AA 

DEVELOPMENT <>&c coiTiL. bv=\/G' Fo 

Method or 

OCVCLOPMENT: _ 

OCVCLOPMCNT 

■ EOANOATE; TIMC: _ 

T ICLOt * TlMCt OAT| 

_ GPM FROM _TO_X_ 

YICLDt TIMK> OAT1 

_ GPM FROM _ TO _/_ 

YICL.O: TIM*: X OATi 


OAT*: 


DRILLCRi 


ORILLCD: ^ #£ 

GALLONS 



GPM 

TIMll 

FROM TO 

OAT*1 

GPM 

TIM CI > 

FROM TO X 

OATS: 

GPM 

TIM*: /' 

FROM TO X 

OATC: 

GPM 

TIM Ci 

FROM TO/' 

OAT C: 



TOTAL WATCH REMOVED 
OURINO DEVELOPMENT: 


OCICRI PTION 

or tuhbioitv 

AT END Or 
DEVELOPMENT) 


OOOR or 
WATCH: 

WATCH 

DlfCHARGEO 

TO: 


□ CLEAR 

□ moo. turbio 


□grouno surface 
□storm SEWERS 
□ drums 


GALLONS _ 

□ slightly cloudy 

□ very muddy 


□ tank truck 

□ storage tank 

□ other 


DEPTH TO WATCH 
AFTCH DEVELOPMENT) 

MATERIALS USED 


** ZO 


SACKS OF A''*'* '? <?.<****- _SANO 

SACKS OF ___CEMENT 

GALLONS OF GROUT USED £p«>Arwwb T^PtTjT •V&lajTu.j 7E) 

SACKS OF POWDERED BENTONITE 
POUNDS OF BENTONITE PELLETS 


P>y _ FEET OF_Z_ INCH PVC BLANK CASING 


gJCHRISTY SOX 
□ LOCKING STEEL COVER 


— INOH diameter 
STEEL CONDUCTOR 
CASING 


INCH DIAMETER 
BOREHOLE 


BENTONITE-CEMENT 
SEAL OR 

8-SACK CEMENT-SANO 
SEAL 


TOP OF CASING AT 

a -ll— FEET ABOVE AT 
/tfETOW GROUNO LEVEL 

j -? " 

- C iNrw DIAMETER 
BOREHOLE 

-Q. :o t tct 

• _±2 INCH OIAMETER 

SCHEDULE 40 PVC 
8LANK CASING 

0-/ to 


^BENTONITE-CEMENT 
SEAL OR 

I 8-SACK CEMENT-SANO 
SEAL _ 

BENTONITE PELLET 
SEAL 


.to 



SANO PACK 

// _ to ? fctt 

INCH OIAMETER 

SLOTTED f & 6 

» SCREEN 
*o I 

INCH OIAMETER 
SCHEDULE 40PVC 
BLANK SILT TRAP 

^£«o^LZ) W , 

BOTTOM WELL CAP 

HOLE CLEANED OUT TO 
Int 


JQXTQMrOtBOE 



_ YARD 3 CEMENT-SANO (REDI-MIX) USED 

CONCRETE PUMPER USED? QNO QYES 

NAME_ 

WELL COVER USED: □ LOCKING STEEL COVER 

□ CHRISTY BOX 

□ OTHER_ 


NOT TO SCALE 


AOOITIONAL INFORMATION: 

__r / f 


















IMU 8 

CORPORATION 


FIELD WELL COMPLETION FORM 

”«*»««' £AK£^- AP& ~B>X. _ 

2>Kqg lassa,., 6»v/6- 

|s?i T,Q 5 /ta/ 

-rujup -5 r^inUi 

c o o w :^ c M/o ^ooi_- 1 

touirMiKT..^.^^ INCH HOLLOW STEM AUGER ""u'^ARA'Z-'ZA 
□_ INCH ROTARY WASH oSii."* O: • 


■ OITKO 

■ Ys 


6»l/6- 

B±A 


WCLL 

NAMKl 


OAILL1N 

COMPANY 


CQUiraCMT: 


OATS: 

\Zr | 11 


INCH ROTARY WASH 


GALLON! OF WATS* 

USIO OUfVINO OMIUUN4I 

1 MITNOO OP OCCONTAMiNATIO 
rftio* to ontLLinai 


I OMtCUxCO; 


DEVELOPMENT grg 

MCTHOO or 
^OCVCLOPMCNT: 


OCVKLOPMCNT 
IKffAN OATS: 


)JO _ GALLONS 

* T, °T^SU(L£ ST&ASA 

Ui fu. b*T \j£LQ VT«OT~ 



v GPM 

TIMtl 

FROM 

TO 

OpsJxi 

TIILOi 


TIMKi 

FROM 

TO / 

OATS: 

VIKLPi 

N 

GPM 

FROM 

TO / 

OATKx 

VICLOi 

GPM 

TIMtiv 

FROM \ 

. - 

DATS; 


DUNINO OIVCLOPMCNT: 


OKicmmoN 
or TURiioirr 
at sno or 

OCVCLOPMINTt 


ooon or 

WATS Ax 


□ CLEArf^ x 

□ MOO. TURBtO 


GALLONS _ 

□ SLIGHTLY CLOUDY 
-O VERY MUOOY 


SACKS OF 'Sj/rCcu Grc^J, 

SACKS OF_ 

GALLONS OF GROUT USED 
SACKS OF POWOEREO BENTONITE 
POUNOS OF BENTONITE PELLETS 

F£|X OF.^ luriiBur di auv/* 


. SANO 
.CEMENT 




o.*CM»p.o«D /OGROUND SURFACE 
r°: / DSTORM SEWERS 

□ ORUMS 

□ TANK TRUCK X 
□storage TANK x 

□ other 

OfPTM TO WATCH 

AFTIH OCVCUOPMCNTi 

FEET 

MATERIALS USEO 


INCH PVC BLANK CASING 
SCREEN 


□ CHRISTY BOX 

□ LOCKING STEEL COVER 


_INCH DIAMETER 

STEEL CONDUCTOR 
CASING 


___INCH OIAMETER 
BOREHOLE 


BENTONITE-CEMENT 
SEAL OR 

8-SACK CEMENT-SAND 
SEAL 


TOP OF CASING AT 
<?♦/ ccct ABOVE AT 
gELOl) GROUND LEVEL 

£ij£.INCH OIAMETER 
BOREHOLE 

_2L INCH OIAMETER 
SCHEDULE 40PVC 
BLANK CASING 

{OlLm »Q if" ' Ittt 

SENTONITE-CEMENT 
SEAL OR 

8-SACK CEMENT-SAND 
SEAL 


BENTONITE PELLET 
SEAL 


SANO PACK 
/ 2. \oj!£. I»«t 

INCH OIAMETER 

SLOTTED t 0 0 

SCRceN — 

UlL ra £*ULi**\ 

2= INCH OIAMETER 
SCHEDULE 40PVC 
BLANK SILT TRAP 
9Tf .. P7/ .... 


• BOTTOM WELL CAP 

<221. »•« 

• HOLE CLEANEO OUT TO 

30 


EHOLE 



- YARD 3 CEMENT-SANO (REOI-MIXl USEO 

CONCRETE PUMPER USEOT QNO QYES 


WELL COVER USEO: □ LOCKING STEEL COVER 

□ CHRISTY BOX 

□ OTHER_ 


ADDITIONAL INFORMATION: 

U>£lu i/s / V-L. 



















NUS 

CORPORATION 



VIKUOt 

GPM 

T!M«K 

FROM \ 

TQ' y ' 

OATKi 

T ICLOl 

GPM 

TIM Ki 

FROM 

N V / to 

OATti 


total watkn kkmovio / 

OUAIHO OlVfLOfMtHT/^ 


OKlCRtrriON 

or TUfvaipirv □ CLEAR 

AT f no or / 
OCVtLOrM.NT. n^rsr> <n 


□ moo. turbid 


ooon or 

WATCft: 


WATCN 

OtfCHANOCO 

/TOt 


GALLONS 


□ SLIGHTLY CLOUDY 

□ VERY MUDDY 


\ 


BENTONITE PELLET 


Siuu Z^Nc 


□ GROUNO SURFACE □ TANK TRUCK 


□storm SEWERS 
□ ORUMS 


□ STORAGE TANK^ 

□ other 


oirrn to matcm 

AfTlN OCVCLONMCNTt 


MATERIALS USED 




CONCRETE PUMPER USED? 

NAME_ 

WELL COVER USED: ^&£c 


IX)ORDERED 
REDI-MIX) USED 
QYES 


ADDITIONAL INFORMATION: 


I^S^OCXING STEEL COVER 
^ □CHRISTY BOX 

□ OTHER_ 





































FIELD WELL COMPLETION FORM 


JOB 

NAMCi 


• 

JOB 


PWOJCCT 

logged 

• V: 

BFa/ 


WELL 

NAMCi 

B//7’W'o£~ 

lOATC: 

1 /&//*/W 


ORILL1NG 

COMPANY) 


COUimiNT: 

- zs - 

. INCH HOLLOW STEM AUGER 

OMII.I.CM: 

V. 

□ ... . 

. INCH ROTARY WASH 

hour* ,/ 

ONILLCO: *»V b 


GALLONS OF WATCH 
USED DURING ONILLING) 


METHOD Or O ECO NT AMINATION 
PRIOR TO QUILLING; i 


DEVELOPMENT S£6 UG<=>2>cjcj ^ CxjtO T~A I lO-s FiZ&C 


I 

- NUS 

■ ; I COPPORATON 


I 

I 

I 

I 

V 

1 

I 

I 

I 

I 

I 

I 

1 


i 

I 

I 


fho! Drill** 


□ CHRISTY BOX 

□ LOCKING STEEL COVER 

— , INCH DIAMETER 

STEEL CONOUCTOR 
CASING 


.to. 




_INCH DIAMETER 

BOREHOLE 


.to. 


.fttt 



0ENTONITECEMENT 
SEAL OR 

8'SACK CEMENT-SANO 
SEAL 


a)L. 


GALLONS 


. to. 


.fett 






METHOD OF 
OE V ILOfMCNT: 


j t-Ok/LS moT 




DEVELOPMENT 
■ EGAN OATTt 


YIELD; 

GPfci^ 

TIMIt 

fROM 

TO 


OATC: 

YICLOi 

GPM 

tYmC: 

TO 


DATt^/ 

YIELD: 

GPM 

TIM*: \ 

FROM \ 

TO 



YIELD: 

GPM 

TIME: \ 

FROM \ 

TO 

_Z 

OATC; 


X 


TOTAL WATER RCMOVtD 
DURING DEVELOPMENT: 


GALLONS 


DESCRIPTION 
Or TURRIOITY 
AT ENO Or 
OEVCLOPMCNT: 


□ CLEAR 

□ moo. 



■TbiO 


□ slightly cloudy 

VERY MUDDY 


ft® 

ft® 

g§ 


ooor or 
WATCR: 


WATER 

DISCHARGED 

TO; 


QflffoUNO SURFACE □ TANK TRUCK^ 
STORM SEWERS □ STORAGE TANX^ 

□ DRUMS □ OTHER._ 



OCPTM TO WATER 
AFTER DEVELOPMENT: 


FEET 


MATERIALS USED 




Sr — 




.SANO 

.CEMENT 


SACKS OF 
SACKS OF 

GALLONS OF GROUT USEO C fti<ZTl/VJC> 7V^£ j£ C£.n£*jT / 

f$ c'wrt-o t rf > 

SACKS OF POWDERED BENTONITE ' 

POUNOS OF BENTONITE PELLETS 


‘ TOP OF CASING AT 
4L3-FEET A80VE AT 

(Sel^n ground level 

■ 6 ‘uL INCH OIAMETER 
BOREHOLE 

G. :o ten 

• ~2- INCH OIAMETER 

SCHEDULE 40PVC 
BLANK CASING 

to IS V fttt 


+-*! 






BENTONITE-CCMENT 
JEAL OR 
S-SACK CEMENT-SAND 
SEAL 

- bentonite pellet 

SEAL 

—3 — :o J.* *eet 

0-0-^6c <>t(UCA 

” l-A-CJ 

SANO PACK 


PACK 
jJ— t o ^££T 1 1 e t 

^ INCH OIAMETER 
SLOTTED f 





* SCR cc N 

INCH OIAMETER 
SCHEDULE 40PVC 

8LANK SILT TRAP 


L feet 

BOTTOM WELL CAP 
feet 

HOL E CLEANED OUT TO 

ZHjOsti 


YARO 3 CEMENT-SANO (REDI-MIX) ORDERED 

—- YARO 3 CEMENT-SAND (REDI-MIX) USED 

CONCRETE PUMPER USEO? QNO QYES 
name 


NOTTO! 

ADDITIONAL INFORMATION: 


WELL COVER USEO: 




LOCKING STEEL COVER 
RISTY BOX 
□ other 




















IMUil 

CORPORATON 


FIELD WELL COMPLETION FORM 

N AM Cl EAV^ev- A<?6 

~ I pnOJSCT 

NUMaCR: SK-^€> 

Wf" Ue£- 

HAMC; EUTc^OC, _ 

COMMNV! , fbo/ Drill in 


COSTCO 


(jTfvr'tstJrf- 


T^ishi 


DRILLING 

COMPANY: 


CQUIPMCNT: 


INCH HOLLOW STEM AUGER 
INCH ROTARY WASH 


OftllJLCft: 

V/.To^rr 


i‘ GALLONS OF WATCH 

USED DURING ORILLINGt 


MOM c. 


I ORILLID: 

GALLONS 


l-*2- 


^ ****** &r£Ar ^ 
DEVELOPMENT See LogLx- bfVgix^.-^e>aT 


MCTApO OF 
OCVCCOPMCNT: 


dcvclopA 

BEGAN DAI 


YIELD: TIMCV 

GPM FROMN 

YIELD: TIME: 

_ GPM |FROM 

TOTAL WATER REMOVED 
OURING DEVELOPMENT: 

OE1CRIPTION 
Of TURIIOITV □ > 

at end of ~7 

OCVELOrMENT: /H I 


XI MOO. TURBID 


_ GALLONS _ 

□ slightly cloudy 

□ VERY MUOOY 


OOOff OF S X 

WATER: __ \ 

WATER / PGROUNO SURFACE Ptank'tRUCK 

OUCHARGfO _ _ X - . . ^ 

ro: / OST0RM SEWERS □ STORAGEsJANK 

x Qorums _ Pother 


ocrth to water 

A FTC R OEV CLORMCNT; 

MATERIALS USED 


SACKS OF . 
SACKS OF 


2-0 [ 


.CEMENT 


~2-° GALLONS OF GROUT USED daSKMSVor- ( ft, tU T&0< Tt£^ 
- SACKS OF POWOERED BENTONITE 

5 ^ POUNOS OF BENTONITE PELLETS 



□ CHRISTY BOX 

WlOCKING STEEL COVER 

— \ — inch DIAMETER 
STEEL CONDUCTOR 
CASING 


— INCH DIAMETER 
BOREHOLE 


BENTONITE-CEMENT 
SEAL OR 

| 8-SACK CEMENT-SANO 
SEAL 


TOP OF CASING AT | 

°it— FEET ABOVE AT 
RE LOW GROUNO LEVEL 


RELOW GROUN 

• O *2 INCH DIAMETER 
BOREHOLE 

°_iOL:oi3_ 



- - INCH OIAMETER 
SCHEDULE 40PVC 
BLANK CASING 

to 

5f bentonite-cement 
3EAL OR 

H S-SACK CEMENT-SANO 
SEAL 

1L- 

- BENTONITE PELLET 
SEAL 

^oJLL-’eet 

z~! 

SANO PACK 

_!Li— i o —t e e t 

— ^ INCH 01 AMETER 

SLOTTED i jCC** 

I • SC.R cc N 

— _;2 = _iNCH OIAMETER 
SCHEDULE 40 PVC 
BLANK SILT TRAP 


— BOTTOM WELL CAP 
' *£J_°leei 

— HOLE CLEANED OUT TO 



_ YARD 3 CEMENT-SANO (REOI-MIX) USEO 

CONCRETE PUMPER USED? QYES 


NOT TO SCALE 

AOOITIONAL INFORMATION: 


WELL COVER USED: ]fe(LOCKING STEEL COVER 
^ObHRISTY 80X 

□ OTHER_ 
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CORPORATION 


FIELD WELL COMPLETION FORM 


jom 

NAMCi 


CAlCOt, At 


PfVOJCCT 

MANACCR 


, G-JC- 


OATIs . 4 


'JJfc. kllT^O-7 


OAILUHC A ^ 4 ^ n0 < 

COMPANY: fH • v " 4 - \ _ 


CQUIPMINT: Ul OIIILCCRt 

_UJL^inch hollow stem auger V. B*ywia 


INCH ROTARY WASH 


V* 


nouns __ 
ORlLLCD^n > 




?|?I0I| 0 TO°Oltl AMIW AT< ° p(UT £> S OiiAH ST7£TA 


DEVELOPMENT b<£i/oi-O f’M, (£tOtT~ Fo 


THOO OF 
CUOFMCNT: 



FAACMT 

ATIj 


TIMKl 

PM FROM 


TlMCi 


TO 


ricLOt \ 

GPM 

TIMKl , 

FROM TO / 

VICUDt 

GPM 

TIMKl / 

FROM, TO / 

riCLOt 

GPM 

T "**‘ \ 
from n yar 





GALLONS 

OUNINO OCVCLOPMCHT: / 

OCSCftlFTfOM 

OF TUMIDITY 

£JCLEAR \ 

□ SLIGHTLY CLOUDY 

AT CNO OF 


OCVCLOPMCNTl 

/ □moo.turbio 

O VERY MUOOY 

ooon or y 

WATCH: / 


\ 

WATCH * 
OtSCHAftGKO 

□grouno surface 

□ TANK TRUCK 

TO: 

□storm sewers 

□ STORAGE TANK 

/ 

□ drums 

□ other 

OCFTM TO *ATCft 

A FTC If OCVCLOfMCNT: 

FEET 


MATERIALS USED 


SACKS OF M « i 

SACKS OF _ 

GALLONS OF GROUT USED 
SACKS OF POWOEREO BENTONITE 
POUNDS OF BENTONITE PELLETS 
FEET OF ,flL INCH PVC BLANK CASING 




5° POUNDS 
l4'*l 2Z FEET OF 

,0$ J^Z^^^EHT OF 

A.OO 7 ^ 


.SANO 

-CEMENT 


.INCMFVC 


□ CHRISTY SOX 

j& LOCKING STEEL COVER 

~ iMgM DIAMETER 
STEEL CONDUCTOR 
CASING 


_INCH DIAMETER 

BOREHOLE 




BENTONITE-CEMENT 
SEAL OR 

8 SACK CEMENTS AN O 



BENTONITE PELLET 


S 


Guoooap* 9-0 M 


HOLE CLEANED OUT TO 


BOTTOM OF BOREHOLE 


_ YARO 3 CEMENT-SAND IRFOrwrxrOfflOEHE^ 

_ YARO 3 CEMENT-SANO (REOI-MIXI USED ' 

CONCRETE PUMPER USED? S*0 QYES 

NAME_ 

WELL COVER USED: ^COCKING STEEL COVER 

□ CHRISTY BOX 

□ OTHER __ 



NOT-TO SCALE 


AOOITIONAL information: 

_LC-</ii CX / 


ArvA.yoc i /2 r/jr 
























































IM US 


COPPORATON 


FIELD WELL COMPLETION FORM 

MAMgl £A|A 

j OI ^ PHOJICT 

MUMtCM: 3MB MANAfiKHi 


6-\)G 


LOOCIO t ±>c 
SYS V-42-£. 




omuuNc K x rk 

COMPANY! * uo. roou 


IATK:, . 

ix/inh( 


COUIPMINT: 




maa 


ONtCUCft: 

LC.OW STEM AUGER | \A 


INCH ROTARY WASH 


nouns - - r 

ORILLtO: 


pifjcTi* 0 ro° 'sjtzssz*-'* * T,OM Steam CK(G»4 ftae&suaglN 


DEVELOPMENT ^*rc L3cLLC b£V£"LC Paagtot- ’.**oAvs 



TIMS: 


TO 


YfCUOi 


VtCLOi 


YICLO: 


TlMCv 

GPM PROMT 


TIMSi 

GPM FROM 


OATS: 


OATS: 


OATS: 


OUMIMO OCVSLOPMKNT: / 


ocscnirriON 

or TUPtsioiTr /QCLEAR 

ATCNOOP 
OKVSLOPMCNTl 


□ moo. turbio 


GALLONS_ 


□ SLIGHTLY CL0U0Y 

□ VERY MUOOY 


ooo«« or / 

WATCH! / 


WATCH 

OlfCHAWGKO 

TO: 


□ GROUND SURFACE □ TANK TRUCK 

□storm sewers □ storagetank 

□ ORUMS □ OTHER 


OtrTH TO MATCH 
AfTCH OCVCLOrwCNTt 


MATERIALS USED 


So 

8.00 

l S, Oo 


SACKS OF S//.V.*. 6. 

SACKS OF_ 

GALLONS OF GROUT USED 
SACKS OF POWDERED BENTONITE 
POUNOSOF BENTONITE PELLETS 

FEET OF.jL INCH PVC BLANK CASING 

FEET OF ^ 


.SANO 

.CEMENT 



too or 



_XL 


^CHRISTY BOX 

□ LOCKING STEEL COVER 

_INCH DIAMETER 

STEELCONOUCTOR 
CASING 


_INCH OIAMETER 

BOREHOLE 





INCH OIAMETER 
SCHEDULE 40 PVC 
BLANK CASING 



SENTONITEGEMENT 
SEAL OR 

8-SACK CEMENT-SANO 


SEAL 

-to fttr 



BENTONITE PELLET 
SEAL 

— tt to , (? »ett 

2~o( V^D 



SANOPACK 

JL»o_2Li.« 

^ INCH OIAMETER 

SLOTTED f .Q°C 
SCREEN 


• 2 INCH OIAMETER 
SCH EDULE 40 PVC 
BLANK SILT TRAP 

4l>2to322£l«t 

• BOTTOM WELL CAP 

■ HOLE CLEANEO OUT TO 

<35 | m 

• BOTTOM OF BOREHOLE 


CONCRETE PUMPER USEO? ^NO OVES 

NAME_ 

WELL COVER USED: ^SLOCKING STEEL COVER 
"□Christy box 

□ OTHER_ 


NOT TO SCALE 

AOOITIONAL INFORMATION: —& 

/cs//e /z-s 

/ r ^//' SCC<7 1/ 

- y- - 

rac/r £ yg-Z-fg/g . Bo'i 















































NU8 


FIELD WELL COMPLETION FORM 


NAME: 

yj—«», 

t?f e *° Li2-e 


»**««» £.( I Tw> t \c<\ 


C.OJICT yT* 

MAHAQtW: (jrV g- _ 

(OITVO 

*" b JUL 

_ngrflai 


ORILLJMC 

COMPANY! 


CQU IPMlNT: 




INCH HOLLOW STEM AUGER vT.'^aTm’-A'T-^Q 
INCH ROTARY WASH SSJcccOhD '-Jl£ 


GALLON! or WATCH 
USEO OUfClHO OHILUNfi 


1 MITNOO or occontamination 
rftlOft TO OHILUN«t 

DEVELOPMENT 


.Ui Wi _ GALLONS _ 

ITAM.HAT.OW f e£gWL£ 

S<5cT £>£V £ipp/U £/0 v Po^AA 


mcthoo or 

OCVCLOPMCNT: 


OCVCLOPMCNT 
ICOAN OATS: 


GPM 

TIMKl 

FROM 

TO 

GPM 

TIMS: 

FROM 

TO 

GPM 

TIMS: 

FROM 

TO 

GPM 

times 

FROM 

TO 


OUfCIMO OCVCLOPMCNT! 


OCSCHIPTION 
Or TUNIIOITT 
AT SNO or 
OCVCLOPMCNT! 


ooop* or 

WATCH: 


Q CLEAR 

□ moo. turbid 


GALLONS _ 

□ slightly cloudy 

□ VERY MUDDY 


WATCH 

OI1CHAHGCO 

□ GROUND SURFACE 

□ tank TRUCK 

TO: 

□STORM SEWERS 

□storage tank 


□ ORUMS 

□ other 


OCPTN TO WATCH 
APTCH OCVCLOPMCNT: 


MATERIALS USEO 


_CATICC nc 


CjPQOlftAPp ^ l U CA 


SACKS OF v^OOriAPo^lUC 

SACKS OF__ 

GALLONS OF GROUT USEO 
SACKS OF POWDERED BENTONITE 


.SANO 

.CEMENT 


I 


FEET OF. 


INCH PVC BLANK CASING 
INCH PVC SLOTTEI 


So 

- POUNOS OF BENTONITE PELLETS 

-L£2. FEET 0F_£^ INCH PVC BLANK CAS INI 

l° °° FEET OF ^ INCH PVC S 

3.00 ffce 


--- YARD 3 CEMENT-SANO (REOTmiX) 

- YARD 3 CEMENT-SANO (RE0I-MIXI USEO 

CONCRETE PUMPER USEO? ^NO QYES 




□ CHRISTY BOX 
& LOCKING STEEL COVER 


_INCH OIAMETER 

STEELCONDUCTOR 
CASING 


_INCH OIAMETER 

BOREHOLE 


BENTONITE-CEMENT 
SEAL OR 

8-SACK CEMENT-SANO 
SEAL 


TOP OF CASING AT 
~~2l2ZFEET A B O V E' AT 

<3qxa»> grouno level 

— zJl INCH.DIAMETER 
BOREHOLE 

<p -.0 ^2. <~ 

- INCH OIAMETER 
SCHEDULE 40 PVC 
BLANK CASING 

-0?-, n 8.9°,„ 



SENTONITE-CCMENT 
SEAL OR 

8-SACK CEMENT-SANO 
SEAL 


BENTONITE PELLET 
SEAL 

_*£ .« C 


Ob*-*: n-A o c. -Si uCa 


SANO PACK 

- INCH OIAMETER 

JiLOTTED t -QO& 

[rcn* SCREEN 

oISj22y*.» 

- _INCH OIAMETER 

SCHEDULE 40PVC 
BLANK SILT TRAP 

Il3^> lo £a>o fwt 

- BOTTOM WELL CAP 

■ HOLE CLEANEO OUT TO 
| m 

* BOTTOM OF BOREHOLE 


N0T£0 SCALE 


ADDITIONAL INF 

&0 rt. <>/<.- r‘u c_‘L~f /-i 3 ^ 


WELL COVER USEO: ^LOCKING STEEL COVER 
□Christy box 
□other_ 





























NUS 

CORPORATION 



'«■ rPt»t£A—r- 


n 0 u"m"I'. 8 


loogko 
■ rt 




PtOJICT 

MANA6KN 


COSTCO 
•T * 


. GVCr 


ONIUUNS 

COMSANVr 


COUIPMCNT 


EUTvo w v o rTWn h» 


Av^ Pool _ 


INCH HOLLOW STEM AUGER | 


INCH ROTARY WASH 


NOUNS _^ 

omtusoi <55 


□ CHRISTY BOX 
|)^LOCKING STEI 


[ LOCKING STEEL COVER 

-Z— INCH DIAMETER 
STEEL CONOUCTOR 
CASING 


_INCH OIAMETER 

BOREHOLE 


MITNOO or OCCO NT ANIMATION . I _ _ ^ _ ,__ 

rNSOH TO ONICLINOt rxUhA' 


DEVELOPMENT toaL 0 



TOTAL WATCH NCMOVIO 
OUMINO OKVCLOrMCNT: 


No 




OCSCHirTtON 
or TUHilOITT 
AT CNO or 
OCVCUOrMKNTs 


ooon or 

WATCH: 


WATCH / 

oivchaTnoko 

TO^ 


□ CLEAR 

^MOO. TUR8I0 


□ground surface 
□storm sewers 

□ ORUMS 


GALLONS 


'□slightly cloudy 

□ VERY^MUOOY 


BENTONITE-CEMENT 
SEAL OR 

8 SACK CEMENTSANO 


BENTONITE PELLET 


u»AAOcIiuca 0 


□ TANK TRUCK 

□ storage TANK 

□ other 


SANO PAC 


OKNTH TO WATCH 
ArTCH OCVCLONMCNTi 


MATERIALS USEO 


INCH OIAMETER 
SCHEDULE 40PVC 
BLANK SILT TRAP 



WELL COVER USED:^JB^0CKING STEEL COVER 

□ CHRISTY BOX 

□ OTHER_ 


























































[NUS 


CX>RPO»RATKDrsi _ 

FIELD WELL COMPLETION FORM 


M AMIt 

nm*—««, 3C^ __ 

uooc.o £/rA/ 


FffOJCCT ~ ^ 

MANAGIR: O' Y U7 


N AMI: // 

/W 

COU.r«<HT: g ^£ „ 

□- '* 


(DITtO 
• r: 


•J S3 


OATS: 

/Z-SjT-? s' 


ORILLCRi 

INCH HOLLOW STEM AUGER y. z- 


INCH ROTARY WASH 


gallons OF WAT** 
UIKO OUNINO ONILUN4I 


HOURS y. "V 

OIMLLCD: # 7 c^" 

GALLONS 



.1* MlTHOOOroiCONTAIilNATION —r ^ “1A AA 

PRIOR TO ORILLINat 


DEVELOPMENT <,££ 

mKTHOO of 


£>eveupprv\ g>orr 


oivCLOPMfWT 
aiGX^I OATKl 


TIM*: 

/ 

ritLOi\ 

\GPM 

TIM Cl 

PROM 

TO- 

OAT*: y 

TICLOi 

gpmH 

TIM*: 

sFROM 

TO 

OAJJti 


rac.. /oath 



_ GPM PROM x 

yicuos Tm«» 

_ GPM |PROM 

TOTAL WATIR RfMOVfO 
DURING OIVtLOWitRT: 


OCSCRI FTIOPS 
OF TURRIOITT 
AT cnd OF 

OCVtLOPMtNTl 


□clear 

□ 1MIOO. TURSIO 


_ GALLONS _ 

... QSLIGHTLY CLOUOY 
□ VERY MUOOY 


ODOR OF / 

WATIR: _ / — 

water / OGROUNO SURFACE □ TANK TRUCK 

otacHAROKD □storm SEWERS OSTORAGE TANK 


□ ORUMS 


□ OTHER. 


OIPTH TO WATIR 
A FTC It OS VCLOPMlNTi 

MATERIALS USED 


r ,/tc A 6r&Jr 


SACKS OF -SANO 

SACKS OF —.--CEMENT 

GALLONS OF GROUT USED (_ C<fM t=^T //S fc'XJTU•’ 77T Mtx) 

SACKS OF POWOEREO BENTONITE 

POUNDS OF BENTONITE PELLETS 

FEET Of — INCH PVC BLANK CASING 

FEET Of £l INCH PVC SLOTTED SCREEN 


□ CHRISTY BOX 

WlOCKING STEEL COVER 

—■ _ ~ iMrw DIAMETER 
STEEL CONOUCTOR 
CASING 

~ ;n l«wt 

— . INCH OIAMETER 

BOREHOLE 


BENTONITE-CEMENT 
SEAL OR 

8-SACK CEMENT-SANO 
SEAL 


TOP OF CASING AT ‘ ] 
C7"' F FPT ABOVE AT 
"SELO^GROUND LEVEL 

&' / 9' inch OIAMETER 
BOREHOLE 

O - n 2-2. Iw 

INCH OIAMETER 
SCHEDULE 40PVC 
BLANK CASING 


^BENTONITE-CEMENT 
SEAL OR 

3 8-SACK CEMENT-SAND 
SEAL 

- BENTONITE PELLET 
SEAL_ 

to * e*t 

(Vic^bc Vi 3c 



SANO PACK 

Z INCH OIAMETER 

SLOTTED f 0-oO<f 
:v;w* SCREEN 

& / to »>*» 

^ - INCH OIAMETER 
SCHEDULE 40PVC 
BLANK SI LT TRAP 
tj± l~. 

BOTTOM WELL CAP 
2££lf« 1 

HOLE CLEANED OUT TO! 

BOTTOM OF BOREHOLE 


) P^nf OROEREO 
b i mi mTuse o 


NOT TO SCALE 
AOOITIONAL INFORMATION: 


CONCRETE PUMPER USE07 QYES 

NAME_ __————— 

WELL COVER USED: Jb\0CKING STEEL COVER 
CHRISTY BOX 
□ OTHER_ 











NUS 

corporation _ 

FIELD WELL COMPLETION FORM 

MAMCl £/}/^£-£- _ 


SK.9S 


PHOJKCT 

manaOCR; Ur 1/ Oy 


LOOCIO 

• r, 

h *«■»«! 


COITKO 
■ ▼1 




DATS: 


ORILLINC - ^ ^ 

COMPANY: PCU>/ A > ////'S 4 J~- ___ — 

■ — . . . ' " ' ONILLCRt 

COUirwCNT: g 6</y | NC „ HOLLOW STEM AUGER l/. &^Z±± 

HOUNI . 

Q_ INCH ROTARY WASH OWtCLiO: //, 

CALLONIOfWATH f GALLONS 

..«rn QURINa 0«ILUN«I ^O/vJ C UALLU^a_ 


MOUP* . 
QWtCLAO: 



GALLON! OF WATIP 

UICO DURINO OPILUWi_ 

MCTHOO or OlCONT amination 
PH tOH TO ORII-I.IH«> <V 


GALLONS 


DEVELOPMENT 

1MTHOO or 

OfYlLOPMtNT: 


OfV*LOP*»«NT 
ICOAN QATKl 

rfCLOt \ 

__ >Sfl 

YICLOl 

_ art 

YICLDi 

GPI 

YICLDi 


TOTAL WATCH PtMOVlO 
oum wa dcvilopwcnt; 

ocicpiption 
or TUHBIOITY UC 

. AT IND or 

OCVCLOPMCNTl n I 


OPS' 


OtTi/ ’Fdg-nr 


TIMti 

FROM 

TO 


TIMti 

FROM 

TO 


tim«j 

FROM\ 

TO 


TIMti N 

FROM 

\ TO 



o^r«. 



□ CLEAR 

/ 

□ MOO. TURBIO 


_ GALLONS _ 

□ SLIGHTLY CLOUDY 

□ VERY MUODY 


& 

i 


i 

1 


odou or /' 

WAT* A: / __ 

WATCH /QGROUNO SURFA 

OUCMAHOCO / _ 

to. OSTORM SEWERS 


/QGROUNO SURFACE □ TANK TRUCK 
□STORM SEWERS □STORAGE TANK 

□ DRUMS □ OTHER 


QCPTH to watch 
APTCH Q CVCLQPMCNTi 

MATERIALS USED 


. SACKS OF l2Mz£l - 

, SACKS OF___ 

, GALLONS OF GROUT USEO 
. SACKS OF POWOER6D BENTONITE 
. POUNOS OF BENTONITE PELLETS 
FEET 0F_2l.INCH PVC BLANK CASING 
. cccTnc 2" INCH PVC SLOTTED SCgEEN 


.SANO 

.CEMENT 


□ CHRISTY BOX | 

^LOCKING STEEL COVER 

— _INCH DIAMETER I 

STEELCONOUCTOR 1 
CASING i 

___ to ___!*« 

— _INCH DIAMETER j 

BOREHOLE 1 


0ENTONITE-CEMENT 
SEAL OR i 

8-SACK CEMENT-SANO 
SEAL 


TOP OF CASING AT * 

gy ^- FCET ABOVE AT 
'gFLo fr GROUND LEVEi 

6 _ INCH DIAMETER I 

BOREHOLE 

O m 1 Ht 



. INCH OIAMETERI 

SCHEDULE 40 PVC 'I 
BLANK CASING 

q_L to ilL j 

6ENT0NITE-CEMENT I 
SEAL OR * 

8-SACK CEMENT-SANO 
SEAL /1 


- BENTONITE PELLET 
SEAL 

.1 

C^uC.VjbC UCiCA Zz/J 



SAWOPACK . 

yX n B5; y | 

2. INCH 0IAMETe| 

SLOTTED l 

• SCR ccN f 

0_ / -n I 

INCH OlAMETEf 
SCHEDULE 40PVC 
BLANK SILT TRAP h 

L tof^T;/. I<4t | 

■ BOTTOM WELL CAP 

&£d-. »««t L 

- HOLECLEANEO OUT) 

■ BOTTOM OF BOREHOl 


YARO J CEMENT-SANO (REDI-MIXI OROEREO ’ - ^SSt 
YARD 3 CEMENT-SANO IREOI-Mf AlUltU 
MMPERUSEOr QYES 



CONCRETE PUMPER USEOT j&N 

NAME___ 

WELL COVER USED: WtoCKINGI 
□CHRISTY I 


CTtOCKING STEEL COVER 
□CHRISTY BOX 
□ OTHER__ 


r v 

4 Z-fjCsU _ 


U^JSLL __ 

P ZTCrC<Z' 













IMUS 


CORPORATION 


FIELD WELL COMPLETION FORM 


iom 

NAMll 


1 . 000(0 
• Yt 


WILL 
M AM(: 


A P£> 




Eu r u 3 i 113 



PfVOJKCT 

MANACIR 


tOITKO 
■ Y: 


: SV(S- 


£>PO 


owilung A , . & . 

COMPANY: CAw> r oO I-- 


tou,w ‘ , " T ’W £ ^ 

. INCH HOLLOW STEM AUGER 

/ a 

. INCH ROTARY WASH 


ITS 


nouns 

ONILLIO: 


GALLONS OP WATCH 
USCO OUNINO ONILLINOi 




pwicTh 0 ro° s ni l uinoT * MmATI ° l^-t P U ST€Aa\ 


DEVELOPMENT <^cT UJetU QgUa^PHg^T FbiCiUv 


□ CHRISTY BOX 

□ LOCKING STEEL COVER 

_.1—INCH DIAMETER 

STEEL CONDUCTOR 
CASING 


_INCH OIAMETER 

BOREHOLE 


0ENTONITEGEMENT 

seal or 

8-SACK CEMENTSANO 


ok V KUO pm € NT 
• C<SAN OATS: 


VltLC^ 


riKLOl 


riCLOt 





OUNINO OCVXLOHMCNT: N 


ocscNimoN 
or TUNSIOITY 
AT (NO or 
OCVCLOfMKNTi 


pCLEAR 

/□MOO. TURBIO 


GALLONS_ 


□ SLIGHTLY CLOUDY 

□ VERY MUOOY 


ooon or / 

WATCH: / 

s 

'SlSSZm.w* ABOUND SURFACE 

TO! QSTORM SEWERS 

□ TANK TRUCK 

□ STORAGE TANK 

□ ORUMS 

□ OTHER 

Qcrrn to watch 

AfTCH OCVCLONlCNTi 

FEET 


MATERIALS USEO 


CoLsQ (K/X O *<2>C» /^C 


ri 


5o 

g. 2- 


SACKS OF zILLJ-Z. 

SACKS OF___ 

GALLONS OF GROUT USEO 
SACKS OF POWOEREO BENTONITE 
POUNOS OF BENTONITE PELLETS 
ccgrnp .^_-iMrn PVC BLANK CASING 


.SANO 

.CEMENT 



^ROiCEMENT-SANSbteS^IXI ORDER ED 
YARD J CEMENT-SANO (REOlWxV USEO 


CONCRETE PUMPER USEO? QYES 



INCH OIAMETER 
SCHEDULE 40PVC 
8LANK CASING 


6ENTONITEGCMENT 
SEAL OR 

8 SACK CEMENTSANO 



BENTONITE PELLET 
S 


* ic tea Uuf ye 


INCH OIAMETER 

LOTTED l 
»?*• SCREEN 


WELL COVER USEO:-^E^LOCKING STEEL COVER uicfc JS/3 :»/l//u) 

'□'CHRISTY BOX 

□ OTHER__ 


BOTTOM WELL CAP 

Z£££tMt 

HOLE CLEANEO OUT TO 
BOTTOM OP BO 


NOT TO SCALE 

AOOITIONAL INFORMATION:- 

p^LUJL 

*yi>uc 

tz-l i / *t i -4^2, 











































IMUS 

COBPO H ATPN 


FIELD WELL COMPLETION FORM 


*M(| 

'mMH; 3Kft 0 

L#-€ 


WILL 

NAMC 


ORILLING 

COMPANY; 


CQUIPMCNT 


3K^ Q> HAMA6IR: QxJQ. 

UL€ _ S?! T "° Q^ N 

EnTU»m<4 l°Tahfcf^> 

Pool_ 

INCH HOLLOW STEM AUGER j 

n INCH ROTARY WASH SSlcLcO: \ 

irWATM 

NO ONILUNOl Mo aJ C GALLONS 


I HOURS 
ONILLfO: 



GALLONS OF WATIR 
USCO OUNINO ONlLUN€l 


gallons 


MCTMOO Or OCCONTAMINATION 
PRION TO ONILLINOi r. 


PRIONTOONILUNG. cJ^AN^f) 

^DEVELOPMENT StT? ^c~U- <Ti-o gyv) 67Q~ 


m\thoo or 
OCVjCL.orMCNT: 


OCVCuOPMfMT 
■ IOANOATIi 


nGPM 

TIMKt 

FROM 

TO 

GPfcK 

TIMSt 

FROM 

TO 

GPM 

TtM«i 

FROM 

TO 

GPM 

T1M«*X 

FROM \ 

TO 


TOTAL WATCN NCMOVIO 
OUNINO OKVCLOPMKNT; 


GALLONS 


OCtCRIPTION 
or TUIVBIOITY 

AT CNO or 
OKVlLOPMINTi 

□ CLEAR 

□ moq^turbid \ 

□ SLIGHTLY CLOUDY j 

i 

. □ VERY MUOOY 

ODOM or 

WATCtt: 

y 

X 

WATCP 

OUCH APGKO 

□ GROUND SURFACE 

□ TANK TRUCK 

TO: 

□STORM SEWERS 

□ STORAGETANK 


□ ORUMS 

□ other x 

OIPTM TO WATCH 

AFTIH^CVCCOPMCNTi 

FEET \ 

MATERIALS USED 



SACKS OF 
SACKS OF 


Ccicrt-ii^ S't |, c 4. ‘X'v/c 


.SAND 

.CEMENT 


GALLONS OF GROUT USED (c tM WT/ Tt 

ftuuiX 

SACKS OP POWDERED BENTONITE sea^. 

POUNOS OF 8ENT0NITE PELLETS 

1 

CfET AC ^ f kl.l I MfM at . .IM ...<■•<* 



FEET OF 
FEET OF 


.INCH PVC BLANK CASING 
. INCH PVC SLOTTED SCREEN 


.-ca **>■ 


^CHRISTY SOX 

^ LOCKING STEEL COVER' 

— iNirw DIAMETER . 

STEEL CONDUCTOR \ 
CASING \ 


Zl- ingm DIAMETER 
BOREHOLE 


BENTONITEGEMENT 
SEAL OR 

8 SACK CEMENT^SANO 
SEAL 


TOP OF CASING AT 

_EEET ABOVE AT 

( gELOW SROUNO LEVEL 

— (zti INCH OIAMETER 
BOREHOLE 

—£ _ro.^Vf fit 

— INCH OIAMETER 
SCHEDULE 40PVC 
BLANK CASING 

to 6*3- fwt 

iSsB E NTON ITE-CEMENT 
SEAL OR 

£3 8-SACK CEMENT-SAND 
SEAL 

— BENTONITE PELLET 
SEAL H 

i _ 

G& i 0 m- ^(> 


1 ->> 
*J ♦ 

i 


SANO PACK 

4 ,» 16 

• » . 

* ** o - 


3- INCH OIAMETER 

,A m 

’ * • 

, 1 


SLOTTED t O.OOC 

# ft* 


i nc* ♦ SCR EcN 


_INCH 01AME TER 

SCHEDULE 40PVC 
BLANK SILT TRAP 

'M-ioiM-ft 

BOTTOM WELL CAP 

HOLE CLEANEO OUT TO 
££ Iw 


BOTTOM OF BOREHOLE 




- YARO CEMENT-SAND (REOI-MIXI ORDERED 

- YARD 3 CEMENT-SANO (REOI-MIXI USED " 

CONCRETE PUMPER USED? ^fc^O QYES 


ADDITIONAL 'Mcnnumnw. '— ■- 

s is-39-' 


WELL COVER USED:^Jfcg^OCKING STEEL COVER 

□ CHRISTY BOX 

□ OTHER_ 






















IMUS 

CORPORATION 


FIELD WELL COMPLETION FORM 


U£ 


"ILL r" . — 

"»*»«< 11 l I U S 


DRILLING jk * 

COMPANY: /\.\Ai.fO0t_ 


IOUIPMINT: /* 1/ 


PROJECT 

MANAGER; 




ORILLCRt 


INCH HOLLOW STEM AUGER yj , g%(L0A2-/ l 
INCH ROTARY WASH ISSmSIb. 1.6 


HOURS 

ORILLCO 





MCTMOO OF OCCONTAMINATION | 
rittow TO ostimw,_ f(Ve.r^Uu(LC -i\TdAA\ 


DEVELOPMENT 


mitmoo or 
OKVfLOPMtNT: 


OPMINT 


VIKLOt 


riCLOi 




OATS: 


OATKi 


DATS 


_ gallons 

□ slightly clouoy 

□ VERY MUOOY 



TIMKi 

FROM 

TO 

TIMKi 


FROM 

TO 

Xt**l 

/ 

FROM 

TO / 

TlRRCx 

FROM\ 



OURING OCVCLOPMCNT: 


ocscftimofi 

or TURRIOITY 
AT KNO or 
OtVlLOPMKRT: 


ODOR or 
WATCRj 


^pCLEAR 
□ MOO. TUR8I0 


WATCR / 

OtlCHA#GIO 

□grouno surface 

□ TANK TRUCK 

TOi 

□storm sewers 

□ STORAGE TANK 

/ 

□ 0RUMS 

□ other 




MATERIALS USED 


SACKS OF l PLQ'^oc. -S( c+\ SANQ 

“*« ° F ---CEMENT 

GALLONS OF GROUT USED C C£Mtx>7'/<S£rx»7b*j . rt") 

SACKS OF POWDERED BENTONITE 


POUNDS OF BENTONITE PELLETS 
FEET OF. ^ IMru Mii* Bl ...» „ 


INCH PVC BLANK CASING 
nch-pvc s 



□ CHRISTY BOX 

LOCKING STEEL COVER 

~ , INCH DIAMETER 
STEEL CONOUCTOR 
CASING 


_INCH OIAMETER 

BOREHOLE 



___ INCH OIAMETER 
SCHEDULE 40PVC 
BLANK CASING 

- 

c '> , a 4.1-,-. 


BENTONITE-CEMENT 
SEAL OR 

8-SACK CEMENT-SANO 


UcAAfie StucA a ' e r*/ 


INCH OIAMETER 
SCH EOULE 40 PVC 
BLANK SILT TRAP 


BOTTOM WELL CAP 

/if 3__ 


MOLC CLEANED OUT TO 

21 iwt 


ITTOM OF B ORFHfH P 




—— YARO^ CEMENT-SANO (REOI-MIX) ORDERED 

- YARD 3 CEMENT-SANO IREOIAHxTuSEO^ 

CONCRETE PUMPER USED? ^Q^O DYES 
NAME 

WELL COVER USED: SHOCKING STEEL COVER 
□CHRISTY BOX 
□ OTHER_ 


ADDITIONAL INFORMATION:_ 

PfULCr-S l$~X lb -ISA*- 

Qp-p- Ua Too-JQ. 













































IMUS 


»«■ i AF& 

««CNi 3K °i % 


,c ‘° Ld£ 


WCLL 

NAMlt 


ORILUNC 

COMRANVt 


CQUIRMKNT 


U/O- 


S?! T *° ftC-iO 


TVjo> il IU 


OATf: 

I TUf 1 0: 


1 C.^4 INCH HOLLOW STEM AUGER 

□_ INCH ROTARY WASH 


OftU-LCK* 

V- & . vr* 


HOURS 

ONILLCD; O * O 


GALLONS OF WATKR 
USED OURINfl OAILLIN4I 


GALLONS 


7h io^ITto 0 [Ti»?cuiwoT A M>>< Pi&ESS \jUL£ 

DEVELOPMENT 

mitmoo or 

OCVCLORMtWT;_ ^__ 


OCVKLOmCNT 

ICOAN OATCl TIM«t _ 


YtCLOl 

GPM 


Y ICLOt 

GPM 




GALLONS 



YfMCt 

TIMKl 

FROM 

TO 

TIMIl 

FROM 

TO 

▼ IMCt 

FROM 

TO 

TtMKi 

FROM 

TO 


OUHINO OKVCLORMCNT: 


MATERIALS USED 


3 cirif? r 


SACKS OF Cclo.^q^ SANO 

SACKS OF ___CEMENT 

GALLONS OF GROUT USED ( GD^&JT/ rC A<#X^ 

SACKS OF POWOERED BENTONITE 
POUNDS OF BENTONITE PELLETS 




□ CHRISTY BOX 

"locking steel cover 


Zl— INCH DIAMETER 
STEELCONOUCTOR 
CASING 


_ INCH DIAMETER 
BOREHOLE 


BENTONITE-CEMENT 
SEAL OR 

8-SACK CEMENT-SAND 


S 


TOP OF CASING AT 

5L2; FEET ABOVE AT 
EELO5?)GR0UNO LEVEL 

INCH DIAMETER 
BOREHOLE 


err- INCH OIAMETER 
SCHEDULE 40PVC 
BLANK CASING 


BENTONITE-CEMENT 
SEAL OR 

8-SACK CEMENT-SAND 



OMCfttmon 
or TumioiTT 

AT KNO or 
OCVKUOfMCNT: 

□ CLEAR 

□ moo. turbio 

□slightly cloudy 

□ VERY MUOOY 

I ooor or 

WATCH: 



WATCH 

□ GROUND SURFACE 

□ TANK TRUCK 

OISCMAHGCD 

TO: 

□storm SEWERS 

□ storage TANK 


□ 0RUMS 

□ other 

OCrTH TO WATCH _ 

1 ArTCH OtVCLOPHiHTl 

r CET 




# _fees 


BENTONITE PELLET 



FEET OF. 


, INCH PVC BLANK CASING 


SANO PACK 

_2f INCH DIAMETER 

SLOTTED t O.COCs 


•'*:*»» SCREEN 

7l2 to rtrt 

_3L- INCH OIAMETER 
SCHEDULE 40 PVC 
BLANK SILT TRAP 

ii lMt 

BOTTOM WELL CAP 

hi I—t 

• HOLE CLEANED OUT TO 

l=h i**t 


________ YARO 3 CEMENT-SANO (REOt-MIX) USED 

CONCRETE PUMPER USE07 ^g(NO OYES 

NAME,_____ 

WELL COVER USED:peGrOCKING STEEL COVER 
^□CHRISTY BOX 
□ OTHER____ 


NOT TO SCALE 


AOOITIONAL INFORMATION: _____ 

S k ) C f * V 

vi- £\A- l c \'' 


u p^iuA 

WA. i /11 f | 




























NU8 

CQPPO R ATON 


FIELD WELL COMPLETION FORM 


JOS 

MAMCl 


L.OOOKO 

mr: 


WILL 
N AMI: 


OHM. LING 
COMPANY! 


£A<ee. af=& 

&I-Tk)(gq | OATK k(/~7/ 

A oQ Pool- __ 

r:v w iJ/tL aniLkCRt 

INCH HOLLOW STEM AUGER y\ A2A 


ndJJlL^ I 


□ INCH ROTARY WASH SSicwioi 

GALLON* OF WATCH _ 

UIIQ OUNINO ORILLJNCi /J O fO C GALLONS 

p •?io!r ro° dh? l lingT A#-H KATIOW p / ^< >u £ £r 

DEVELOPMENT See LO<TL-l- £>c~yeUi^MOJT Pb(i 



GALLON* OF WATCH 
If SCO OUHINO OHILLINOi 


MITNOO OF OCCONTANIMATION 
FHtOH TO OCILLINCt 


MITNOO OF 
OKVCLOPMINT: 


OCVfLOmiNT 

IKOAfrOATKt 


TIKI.01 

Ns GpM 

TIMKi 

FROM 

to 

DATS: 

YIKLOt 

\ 

GPM 

TIMS: 

trom 

_ TO / 

OA7K: 


GPM jpRoSx 


YICLO; 

TIlBllJ N 

77- 

OATS: 


GPM FROM / 

TO 



TOTAL. WATCH HCMOVCO' 
OUNINO OCVCLOPMINTt 


gallons 



OCSCNimON 
OF TUNtlOITY /■" 
AT INO OF / 
OCVCLOFMIMTi 

_ /_ 

OOOH OF 
WATCH: 

WATCH 

OlfCMANOCO 

TO: 


□ CLEAR \ □ SLIGHTLY CLOUDY 

\ 

□ MOO. TUR8I0 □ VERY MUOOY 



□ GROUNO SURFACE QTANK TRUCK 

□STORM SEWERS □STORAGE TANK 

□ orums_Pother_ 


OCFTM TO WATCH 
AFTCH OCVCLOPMCNTi 

MATERIALS USED 

ei(*.c ne 



SACKS OF Cocc^bo SlC-iCA ^flO SAN0 

SACKS qF-CEMENT 

GALLONS OF GROUT USED Ccth-urur/ (iC^rrOfJiTU mik) 

SACKS OF POWOEREO BENTONITE feOOTc- 

POUNOS OF BENTONITE PELLETS ScfAU 


fecioToOi.re' 

Sc'al n-i8‘ 



FEET OF. 


.INCH PVC BLANK CASING 


□ CHRISTY BOX 

SHOCKING STEEL COVER 

— -17 INCH DIAMETER 
STEELCONOUCTOR 
CASING 


-—INCH OIAMETER 

BOREHOLE 


BENTONITE CEMENT 
SEAL OR 

8-SACK CEMENT-SANO 
SEAL 


TOP OF CASING AT 

^l^FEET ABOVE AT 
CBELOW XROUNO LEVEL 

-^£_jL INCH OIAMETER 

BOREHOLE 

° -oAih, 

jit-*°-'•« 

& o 

— INCH OIAMETER 

SCHEDULE 40PVC 
BLANK CASING 


J.6ENT0NITECEMENT 
SEAL OR 

] 8-SACK CEMENT-SANO 
SEAL 

— _-57£_£_ fear 

- BENTONITE PELLET 
SEAL 

— •" — *— 

• -re rs;, - *:. 


SANO PAC* 

jLloJlLfl 

iuru ni a. 



~ INCH OIAMETER 
SLOTTED | C C-OQ. 
SCREEN 


INCH OIAMETER 
SCHEOULE 40 PVC 
BLANK SILT TRAP 


BOTTOM WELL CAP 

L .Z !»■» 

HOLE CLEANED OUT TO 
" 2-0 , 

_(**t 

BOTTOM OF BORE 


M£SAN0(HE0I-MIX> 0R0ER E O 
YARD 3 CEMENT-SANO (REOI-MIXJ USED 
CONCRETE PUMPER USED? QYES 

NAME _ 

WELL COVER USED: ^LOCKING STEEL COVER 

□ CHRISTY BOX 

□ other 


NOT TO SCALE 
AOOITIONAL INFORMATION: 



























NUS 


CT30P0 R ATON _ 


FIELD WELL COMPLETION FORM 


Looaco 
• r: 






PWOJKCT 
MAN AaCRl 


£\/r-. 



OHiLLina *\ /O _ 

COMfANTt Vv/ r O0 I_ 

touiPMCHT.^; 4 inch HOLLOW STEM AUGER 

rm 

n INCH ROTARY WASH 

n°««« n/0 

ohicudi * yy i 


DEVELOPMENT S^6 bE\ieu}f &>lU 


CTHOO or 

KVKLOPMINTt _ 


OcVfLOPMtWT 

IKOAN OATIt T»M«i_ 



TIMli 


\ 

GPM FROM 

_15_X 


TIMKi 

PM FROM 


V ICUOi 


TIKLOi 


GPM 




oacwirrioit/ — _ 

or Tuniio^Vr □CLEAR 

AT IND O# \ 

ocv^d^.^rr QMOO. TURKIC 


^Oooit or 
X WATIfi 



WATCH 
DITCH A AMI CO 
TOl 


□ GROUND SURF ACE 
□storm SEWERS 

□ drums 


GALLONS 


□ SLIGHTLY CLOUDY 

□ VERY MUDDY 


U<[ANK TRUCK 

□ rhsRAGE TANK 

□ otheK_ 


OCFTM TO NATCH 
AfTCH OCVCLOfMCNTl 


MATERIALS USED 


2 lDD^. wnt 


rQ|f S v t/\CA 2>< y [ k 0 

SACKS OP f'oPrtywo Ti^pd. ^ 

GALLONS OP GROUT USED 
SACKS OP POWDERED BENTONITE 
POUNDS OF BENTONITE PELLETS 
FEET OF_lk_ INCH PVC BLANK CASING 


-SANO 

-CEMENT 



□ CHRISTY SOX 
W LOCKING STEEL COVE 


men diameter 

STEEL CONDUCTOR 
CASING 


^ L INCH OIAMETER 
BOREHOLE 


BENTONITE-CEMENT 
SEAL OR 

8-SACK CEMENT-SANO 


S 



_CTTNCH OIAMETER 
SCHEOULE 40 PVC 
BLANK CASING 


BENTONITE PELLET 


C* 


SANO PACK ZO/V 

3 i mm* 

INCH OIAMETER 
SLOTTED I 0- c O(j> 

* SCREEN 

M'lzaUllt 


— INCH DIAMETER 
SCHEOULE 40 PVC 
BLANK SILT TRAP 

lOOto-Jiti-, 

BOTTOM WILL CAP 


HOLE CLEAN CO OUT 



L ~ •foZYx Cf- L. Py /c 'Sui^r • 

— - ~~VAHrr 3 rriiRWT.£ANn iRPn».iiivi ORDERED 

_ YARD 3 CEMENT-SANO (REDI-MIXI USED 

CONCRETE PUMPER USED? □jQo DYES 
NAME / 

WELL COVER USED: ^LOCKINO STEEL COVER 
□Christy box 
□ other 


AOOITIONAL INFORMATION: ■ 

vj e 1 -'- l-'A s c/yOinUACrtb 

11I C \Z - Ca^-t or- -^3 cX cf 
} CP^^UtTTEO ^ 

CX *\ i l^u _ - *-*.. • • ' 










































SENT BY:BROWN AND ROOT,ENV 


; 12-28-95 ; 4:54PM ; 


USW;# 2/10 


^Halliburton NUS 

«ggf CORPORATION 


FIELD WELL COMPLETION FORM 


J©» 

M««C: 


LOC6CD 


WELL 

NAMti 


DRILLING 
COMPANY i 


EOU IfMCNT 


Oila 


Wh>\ 


asgg M . a 

nfthr 


dH zJlz iEL Q&eszft _ _ _ 

Et'Z&jEP INCH HOLLOW STEM AUGER " 

M&uRf 

□ INCH ROTARY WASH drilled; 

r^O»iL.LJ«tti ))A GALLONS 



GALLONS Of WATER 
USED DOMING OAILL.»B«6i 


MCTMOO or DECONTAMINATION 
PRIOR TO ORILLINO; 


GALLONS 


DEVELOPMENT 


metnoo or 

OCV UkOfNlNT: 


DEVELOP^ 
IKOAN DAI 


\ ItimEi 

GPH PROM 


tim»; 

TO 


Y(CLOi 

■. 

GPM 

STIMC-. 

F*GM 

TO 

DATCz 

TIELOi 

GPM 

FROft^ 

TO 

DATCi 

VICWOs 

GPM 

TiwiKiX. 
FROM \ 

TO 

DATE. 


YOTAU water REMOVED 
CURING DEVELOPMENT: 


description 

Or TURIIDITT 

at and or 

DEVELOPMENT! 


ODOR or 

WATER: 

WATER 

DISCHARGED 

TOi 


□clear 

□ mod. tursio^ 

"□grouno surface 
□storm sewers 
□ drums 


GALLONS _ 

□ SLIGHTLY cloudy 

□ VERY MUDDY 


Qta^ctrucic 

□ stooge TANK 

PqtmerS 


□ CHRISTY sox 

□ locking steel cover 


_INCH OIAMETER 

STEEL CONDUCTOR 
CASINO 


__INCH OIAMETER 

60REHOLE 
-to_tat 

BENTONITE-CEMENT 
SEAL OR 

8-SACK CEMENT-SAND 
SEAL 


, TOP OF CASI NG AT 

FFFT<A^nVfi) AT 

flaw? CROUNO LEVEL 

-* - /a - ^ INCH OIAMETER 

BORECOLE 

0 •,<> UL 71 

-iNCH DIAMETER 

SCHEDULE 40PVC 
BLANK CASING 

■ ——0'6ENTONlTE-CGMENT 
SEAL OH 

- -—Q 8-SACK CEMENT-SAND 
SEAL 

P — *0 L Qit*t 

5 

j - - BENTONITE PELLET 

$ SEAL 

£ LdL -o 0 *»»■ 

2e/No M 


OC PTH TO WATKR 
AFTER DCVCLOPMCNT: 

MATERIALS USED 


_ LI _ sacks of _ yr*rw* 

_SACKS OF - 

__ GALLONS OP GROUT USED 

_ SACKS OP POWDERED BENTONITE 

- POUNDS OF BENTONITE PELLETS 

1-t M IdL FEET OF_2l_ INCH PV£ BLANK CASING 

- 12 0 FEET OF-2l_,INCH^«rSL0TT60 SCREEN 
2.0 *'* 

_____ YARD 3 CEMENT-SAND (REOl-MIXl ORDERED 

.. YARD 3 CSMENT-SANO (REOl-MIXl USED 

CONCRETE PUMPER USED? QnO QYES 
NAME 

WELL COVER USED: □ LOCKING STEEL COVER 

□ CHRISTY BOX 

□ OTHER _______ 


. SANO 
.CEMENT 



SAND PACK 

\iJ2— olb l2 fetr 

<NCH DIAMETER 
SLOT ED t &0l ) 

?pcb * SCR pc N 

{L2: xp LLlL i**\ 

^ INCH OIAMETER 

soHi njhfi le rvc 5Si* 

BLANK SILT TRAP 

BOTTOM WELL CAP 

IhJz. <«■«■* 

HOLE CLEANED OUT TO 
bottom of BOREHOLE 


NOT TO SCALE 

ADDITIONAL INFORM AT, ON: 







SENT BY:BROWN AND ROOT,ENV ;12-28-95 ; 4:54PM ; 


USW;# 3/J 


FIELD WELL COMPLETION FORM 


A 9 1 

nuLochi pnS 

?f aKO Ml 

'>m[. M W) | 


LOOOCO 
■ V: 


«CLL 

DPI LLINO 
COMPANY: 

fOUlFMCNTi 


ZTanaoIr: A 7^» 

VF*°J±tM±L 

IOATU: , , . 


INCHHOLLQWSTEM auger 
INCH ROTARY WASH 


NOUM 

DRILLED: 



CALLOMOFWRTIR _ 

Uf CO auRIND ORIkLlNAi /%? j 

METHOD OP OCCOMTanimation 
PRIOR TO DRILLING: 


DEVELOPMENT 

METHOD OP 
Oe^tLQPMEWT: 

OIVELOFMCRT 
• COAmSdat-K! 


, fjft _ GALLONS 

$g4£ QcJ 




VICLD: 

X^PM 

TIMKi 

PROM 

TO 

|DAT«i 

VtCUD: 

GP&K 

TlMt; 

PROM 

TO 

DATS: 

VICLD- 

OPM 

\|M«I 

PROM 

TO 

DAT*: 

VI CUD: 

GPM 

TIMfc 

from\ 

TO 1 

DMT Cl 


total water MCMOvmo 

OURING DEVELOPMENT! 


ocicmmoM 

TO RtlOlYV 

at end op 

DEVELOPMENT; 


ODOR OP 
WATER; 

WATER 

DISCHARGED 

TO: 


QCLEARNl 

□ MOD. TURlbo 
—---^ 

□ GROUNO SURFACE 

□ STORM sewers 

□ drums_ 


DEPTH TO (ATATCN 
AFTER OEV ELOPMENTl 

MATERIALS USED 


_ GALLONS 

□slightly CLOUDY 

) 

□ VERY MUOOV 


Q^ANK TRUCK 
□ STORAGE TANK 

fEEP^"- 



l 0 * £ -- rccI ur a— inwn -~»T- . ■» 

j.L f£eT i-oL $*•/+" 

__ YARD 3 CEMENT-SANO IR60I-MIX) OROERED 

_ YARD 3 CEMENT-SANO (REDI MIX) USED 

CONCRETE PUMPER USE07 QNO QYES 


sacks of EtzuEli B$L 2JH-LU J. 

SACKS OF - 

. GALLONS OF GROUTUSED 
, SACKS OF FOWOEREO BENTONITE 
POUNOS OF BENTONITE PELLETS 
FEET Of — INCH PVf BLANK CASING 
FEET OF INCH &C S LOTTED SCREEN 


W[i6 SAND 
_CEMENT 


WELL COVER USED; □ LOCKING STEEL COVER 

□ CHRISTY BOX 

□ OTHER_,_ 


□ CHRISTY BOX 

□ LOCKING STEEL COVER 

— mrn DIAMETER 

steel CONDUCTOR 
CASING 

_to _____ Ini 

i— __INCH DIAMETER 

BOREHOLE 
__to_' «*i 

-n bentoniteoement 
SEAL OH 

-O B-SACK CEMENTGAND 
SEAL 


TOP OFCASING AT 
2- ^^" CFFT l^BOV& AT 
ARM GROUND LEVEL 


t°i. in 



■ /O H INCH DIAMETER 
BOREHOLE 

Si :o Ql — I eet 

■ *• _ INCH DIAMETER 
SCHEDULE 40PVC 
BLANK CASING 

T ~ 3 ■ f to t Ittt 

3 BENTONITE-CEMENT 
SEAL OR 

] 8-SACK CEMENT-SAND , 
SEAL 

0 feat 

- BENTONITE pellet 
SEAL 

jL2.'ee, 

tx>Ho € Siut* 


i I 

SANO PACK I 

tk.toi22.lMI 

- * INCH OIAMETER Y 

SLOTTED -/ I 

• SCHccM ' 

X-Lio ** t 

- 2-_jNCH OIAME TER J 
BLANK SILT TRAP 

/HL. 0 £L2-.... 

- bot 'Dm well cap 
{ i2.i«« 

- HOLE CLEANED OUT TO 

&±<~« 

- BOT .'OM OF 80REH0LE 


NOT TO SCALE 

ADDITIONAL INFORMATION; 




SENT BY:BROWN AND ROOT,ENV 

vi|r> WAruRA I IUN 


;12-28-95 ; 4:55PM 


USW;# 4/10 


NUMICHi o\ 


LOCCta 

■»» 0Ai Hor- 


weu 

NAMXi 


rwOJKCT 



\A) il 


tauirMCHTi 


C&-^— INCH HOLLOW STEM AUGER 
□_ INCH ROTARY WASH 


e«uOMor«ma = * 

UlgQ QUfflwq D«ILLJNGi y 


howbi 

D«l4.LCOi 


MCTMO0 Or OCCOMTAMIMATION 
*«MOH TO ONILUNfit 


DEVELOPMENT tSflft- We.ll 'Oex/€_ 


gallons 


TlMCi 


FROM 

TO 

Tint: 

FROM 

TO , 


IMS; 


*OM 

TO 


TOTAL WATCH NEMOVI 
OUWIHC QCVCLQPMCnT: 


OCSCffifTlOM 

or runHioiTV r 

at t«p or *■ 

OCVEWOfMlNTi - 


»VC© \ 
NT! \ 


□clear\ 

□ MOO. TUPM 


oooN or 

WATCH; 


WATCH 

OlSCMAKOCD 

TO: 


OGROUNO SURFACE 

□storm sewers 

□ ORUMS 


Ot'TH TO MATCH 

+rr*m pcvciqm mcht.- FE 

MATERIALS USED 

SAC « 0F j^jo £UJmtkaa 

— -SACKS Of__ 

— gallons of grout used 

-- SACKS Of POWDEREO BENTONITE ? 

*— ^ ~^ - ^ POUNDS OF BENTONITE fELLETS > */2 

^ ■ PSETOf^SL. INCH PVC BLANK CASING 

-^2- PEET OF INCH ft&SLOTTEO SCREEN 

PT ® io<K Si (4 Wc^>' 

- YARD 3 CEMENTS AND (RE01J4IXI OROERED 

———- YARD 3 CEMENT-SAND (REDl-MIX) USEO 

CONCRETE PUMPER USED? JgjNO DYES 


GALLONS 


□ SLIGHTLY CLOUDY 

□ VERY MUOOY 


Cj^AN 

□ STORAGE TANK 

□ OTHER 



<Aieu_ 


.Sand 

.cement 


‘/z bu ciotfs 



NOT TO SCALE 


_INCH DIAMETER 

BOREHOLE 


BENTONITE-CEMENT 
seal or 

S-SACK CEMENT-&ANO 


TOP OF CASING AT 

5vt AT 

BELOW CRO&frtrLEVE 

Z£1inch diameter 
borehole 

jQ :oJ3^uk 

3l . INCH OIAMETER 
SCHEDULE 40PVC 
BLANK CASING 

—to 

SENTONITE-CCMENT 
SEAL OR 

S-SACK CEMENT-SAND 
SEAL 

JSL 'oJLSLUtt 

BENTONITE PELLET 


SANO PACK 

l^.oiSLCl... 

- Qm INCH OIAMETER 

slotted' f gCjO > 

ineKt SCREEN 

Ml 

- INCH OIAMETER 
SCH EDULE 40 PVC U-ST 
BLANK SILT TRAP 

0^l»£ljQ| Mt 

- BOTTOM WELL CAP 

" HOLE CLEANED OUT TO 

<3^1 l«ei 

- BOTTOM OF BOREHOLE 


ADDITIONAL INFORMATION: __ 

C<UCtL>..! k>ri Cj»/{ - ii.'a.i <a/uc 


WELL COVER USEO: JStjLOCKING STEEL COVER 

□ CHRISTY SOX 

□ OTHER_ 
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SENT BY:BROWN AND ROOT,ENV 

Halliburton NUS 

CORPQRATI O N 


USW;# 5/10 


FIELD WELL COMPLETION FORM 

_ p 



□ CHRISTY BOX 

— 

1^1_ 


fi 

1 

- 

-| j □ LOCKING STEEL COV-ii 

"f-r—_INCH DIAMETER 

“ J STEEL CONOUCTOH 
CASING 

*0» _ , 

NUMltKl OHH 
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MANA04R: ^ T™ 

— 


—- 
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■ vj a* nn/iic^ 
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• Vi 
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WCLL . 

HAMC, MW | l 2>-| 
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— _INCH DIAMETER 

COREHOLE 

- to_feet 

drilling^^ 
company, xri sLcl-K. 

rva fitWiY**^ 




tauifM(NT: - J 

{3 1 °— INCH HOLLOW STEM AUGER 





> —□ BENTONITE-CEMENT 
SEAL on 

□ INCH ROTARY WASH 

HOURS 

OAtLLCO: 



4 

—□ 8-SACK CEMENT-SAND 
SEAL 


cauo n% or watch 

USCO Ol/RIHC DJtli.1.1 NCi 


GALLONS 


, 10. 


-feet 


MCThQD or OCCONTAMINATION 

M k»tod.iu. m , 5-tera.rw r I mm 


DEVELOPMENT lAj-g.lt 


mcthoo or 

OCVCLO rM CNT; 





OCVCUOPNCKT 
ICCAN OATC; 


rttLOi 

GPM 

TlMCi 

FROM 

TO 

DATCs 

1 'U , 


TICLDl 

GPU 

TIME: 

FROM * 

TO 

OATC; 

VICLO: 

GPM 

TIME; 

FROM 

TO 

OATC; 

riCLO: 

GPM 

TlMCi 

FROM 

TO 

OATC; 


TOTAL WATCH REMOVED 
DUHIHC DCVClOPMCnT! 


GALLONS 


□escMirTio* 
or runtiDirv .. 
at iks or 
DKVCLOPMIHT: 


□CLEAR 
□ MOO. TURBID 


□ slightly cloudy 

□ VERY MUDDY 


m 


Odor or 

WATERS 


WATER 
DIJCMAHC CO 
TO; 


oerTH to watcn 

ArTCR DEVELOPMENT; 


□ GROUND SURFACE QTANK TRUCK 

□ STORM SEWERS □ STORAGE TANK 

□ drums _Dother_ 


FEET 


MATERIALS USED 

—— *—sgr 

—f rAr ? SACKS OF £7£}&ri< PV <^^4 ?c>r^rKacfr/i^ ANr> 


•'V 45 


SACKS OP 


.CEMENT 


-32— 

/ o 


> GALLONS OF GROUT USED 

. SACKS OF POWDERED BENTONITE 

POUNDS OF BENTONITE PELLETS I Rg. loU.CiCJL'I’ti 

FEET OP-2* INCH FVC BLANK CASING 3. ^5 

-FEET OF _§L INCH p3e SLOTTED SCREEN ’ 

Q- Fr 'Z- tr'cj-N -sc. «=,; |+- 

-yard 3 CEMENT-SAND (REDI-MIXt ORDERED 

- YARD 3 CEMENT-SAND (REDl-MI X) USED 

CONCRETE PUMPER USED! JJnO QYES 

NAMg^ reofe \ D cyoJE drum- 

WELL COVER USED: JKJlOCKING STeEI - COVER 

□ CHRISTY BOX 
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m 


1 
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BOREHOLE 
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feet 
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—& feet 
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21 fee, 
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NOT TO SCALE 


AOOITIONAL INFORMATION:_ 

go-ie^L^gqjtjL 6 -6oundL Socfe A 

C 1 q C On >. 0 cxLa A 1 4- afa/a*/cy iOJ 
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I 

I 
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fCTHOO 
EV 


or 
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TO 
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TO 
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V 
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TO 
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TICLO; 
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TO 
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□ SLIGHTLY CLOUDY 

□ VERY MUOOY 


odor or 
watch; 
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□storm SEWERS 
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5*3 
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□ STORI^ TANK 

□ other. 
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materials used 




0*1 R S <ar/Y ex >Ai HSf eu_ 
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St 
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SEAL 
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SEAL 
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n< 
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SENT BY:BROWN AND ROOT,ENV 

«« Halliburton MJS 

^/CORPORATION 


USW;# 7/1C 


field well completion form 

JO* ^ 

^ gaV ir PtFB 

JO* 

HUMtCft: 


ESiZeZm, 

COITCQ 



WELL 

NAME; A, 

ORILLINC 
COMPANY) *■ 

COUIPMtNT; 


JJZ i - S ~ 7 ^vH f 

EINCH HOLLOW STEM 
o...— , INCH ROTARY WASH 


GALLONS or WATCH 
USCP during oriuing. 


MCTMOD or OtCONT animation 

FftlOR TO ORILLIN«; 


DEVELOPMENT 

METHOD Or 
P^VCLQPMCNTj 

DEVELOPMENT 
BEGAN OATCi 


_ONtUCNi 

auger ,T- Qjra.u^ 

HOURS 

_ ORILLCQ: 

Q. gallons 


'Ts aiean'ing 
r 4J c>Q ra.a k\j- Fe 


srnn 




TlHtr 
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TO 

YIMCt 
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TO 

TIME: 


f ROM 

TO 


‘TOTAL. WATCH REMOVE 
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WATER: 

water 

discharged 
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DEATH to matcr 

ArTEH OEVCLOPMCNT. 

materials used 
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_INCH OIAMETCR 
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BENTONITE-CEMENT 
SEAL OR 
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TOP OF CASING AT 

3^lVs6 t<aIon?e AT 
BELOW GROunB LEVEL 

tQ_ turn DIAMETER 
BOREHOLE 
O 


BENTONITE-CEMENT 
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6 SACK CEMENT-SAND 


□grouno surface 
□storm sewers 

□ ORUMS 




^ — SACKS 0F COZ & C A- llrallc, 

“-- SACKS ° F — — - — CEMENT 

——— . . gallons of grout useo 
-■ ■- sacks of powoereo bentonite 

. POUNDS OF BENTONITE PELLETS 

w --FEET 0F_3 w INCH PVC BLANK CASING 3 oC£* 

-^- FEeT 0F -^L. INCH 4 «$lotted screen 

—^— F*T~oF_o^ 4 i^ CJa ■£*; \-^+yclP 

—■ TARO^ CEMENT-SANO (REOl-MIXI ORDERCO 
- TARO 3 CEMENT-SANO (REOl-MIXI USED 
CONCRETE PUMPER USCOP Qno 

NA 

WELL COVER USED: ^g^LOCKING STEEL COVER 

□ CHRISTY BOX 

□ other 


nOeo'i' 


■ INCH OlAME TER 

SLOTTED fO»G/{) | 
ii'di' SCREEN 

JB3. 

-SL INCH OIAMETER 
SCHEOULE <0*V€- St 
BLANK SILT TRAP e-, 

BOTTOM WELL CAP 

HOLE CLEANED OUT TO 

BOTTOM OF BOREHOLE 

tt /.lot 


NOT TO SCALE 

ADDITIONAL INFORMATION:_. 











SENT BY:BROWN AND ROOT,ENV 


;12-28-95 ; 4:58PM ; 


USW;#10/10 


SURVDATA.XLS 


SAMPLE LOCATlON/ELEVATION • 
EAKEK AIR FORCE BASE, ARKANSAS 


Supple 

Point 

Elevation 

TOC 

Ground 

Elevation 

| Coordiaiiai 

Site 

Northing 



Wild 

249.52 


599301.20 

2604930.49 

EX 

TW1103 

249.99 


599245.87 

2605004.10 

EX 

MW1104 

251.48 


599380.79 

2605116.02 

EX 

rwuos 

251.14 


59934038 

2604984 J2 

BX 

rwno6 

250.98 


599356.10 

2604925.65 

BX 

TWU07 

251JU 


599377.34 

2605044.84 

BX 

TWU08 

250.75 


599297.47 

2605018.95 

BX 

TW1I09 

250.89 


599269.70 

2605047.84 

BX 

MW1110 

251,23 


599285 35 

2605052.46 

S BX 

Mwiin 

251.32 


599445.92 

2605047.22 

BX 

TW1112 

250.86 


599348.57 

2605017.22 

BX 

TW1113 

252.01 


599449.00 

2604918.04 

BX 

MWI1I4 

251.64 


599513.89 

2604985.04 

BX 

MW1115 

250.37 


599355 32 

2604845.78 

BX 

MW1116 

250.62 


599187.31 

2604940.79 

BX 

rwui7 

250.83 


599261.14 

2605070.50 

EX 

rwiii8 

250.42 


599233.00 

2605100.52 

BX 

MW1119 

249.75 | 


599198.81 

2605113A9 

BX 

MW1120 

251.73 


599447.41 

2604838.18 

BX 

MW 1121 

233.16 

250.97 

599307.09 

2605212.18 

BX 

MW 1122 

253.02 

250.68 

599488.98 

2605029.14 

BX 

MWU23 

253.56 

251.13 

599426.94 

2604884.90 

BX 

MWI124 

253.58 

251.93 

599440.75 

2604894.57 

BX 

MW1I25 


2*0.58 

SW*7. ** 

2604778.84 

BX 

MW1126 

*253.7x» 

2.50-* 1 


*6o 52o7.lt} 

BX 

MW1127 

! Z-60. 

ZSO.76 

S11181*88 

Z6C4446.87 

BX 

MW1128 

STU-< 

- 

aii*jC T« BY 


BX 

CP03 

I 

251.12 

599361.54 

2604978.20 

BX 

CP19 

1 



| 

BX 

CF22 





BX 

CP26 


251.12 

599356.27 

2604925.70 

BX 

B1 


252.18 

1 599386.58 

2605029.03 

BX 

B2 


251.96 

599388.57 

2605019.62 

BX 

B3 


251.85 

599388.65 

2605008.02 

BX 

E4 


251.75 

599381.05 

2604999.58 

BX 

BS 


i 251.64 

599373.17 

2604995.29 

BX 

B6 


251.77 

599350.54 

1 2604998.47 

BX 

B7 


250.97 

599348.42 

2605017.32 

BX 

3® 


250.98 

599340.55 

2605031.63 

BX 

B9 

i 

251.12 

599347.35 

2605041.38 

BX 

BIO 


' 251.23 

599354.04 

2605048,24 

BX 

BU 


251.26 

599361.16 

2605055.91 

BX 

B12 


251 .56 

599376.42 

2605049.23 

BX 

B13 


252.50 

599393.30 

2605039.89 

BX 
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APPENDIX B - 1C 
CPT/LIF OUTPUT 
BX SHOPPETTE 


Source: USACE 1995, 
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